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STEPS IN THE RACE TO OUTER SPACE 


Atomic Pulse Rocket 


This is the Atomic Pulse Rocket, a pot- 
bellied space ship nearly the size of the 
Empire State Building, propelled by a 
series of atomic blasts. 

The enormous rocket (weighing 75,000 
tons fully loaded) is designed to leave 
Earth with a thrust of 100,000 tons. Al- 
together a thousand atomic blasts—each 
equal to 1,000 tons of TNT—are fired 
from a low velocity gun into a heavy steel 
rocket engine at a rate of one per second 
until the vehicle leaves Earth's atmos- 
phere. Then steam and vaporized steel 
maintain the thrust. After transit speed 
is reached, and the propulsion system 


shut off, power is provided by solar bat- 
teries plating the wing and body surfaces. 

Inside the rocket, living quarters are 
situated in the rim of a pressurized wheel- 
like cabin which revolves to provide arti- 
ficial gravity. Radio and radar antennae 
revolve with it. Tubular hydroponic 
“‘gardens” on either side of the rim grow 
algae to produce oxygen and high pro- 
tein food. 

The Atomic Pulse Rocket could trans- 
port payload to the Moon at $6.74 per Ib., 
less than one quarter the prevailing air 


freight charges over equivalent distanc: 
A similar project is past the pild 
study stage in the Defense Departmen’ 


ARMA, now providing the ‘inert 
guidance system for the ATLAS ICB 
and-engaged in advanced research aft 
development, is in the vanguard of th 
race to outer space. For this effor 
ARMA ‘needs scientists and enginee! 
experienced in astronautics. 
Garden City, New York. A Division ° 
American Bosch Arma Corporation. 


AMERICAN BOSCH ARMA CORPORATION 
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Editorial 27 ANewVGM 
The new Vocational Guidance Manual ‘Your Career as an Aero/Space Engineer” 
presents the case for studies in the aerospace sciences accurately and 
attractively with a minimum of ‘‘ballyhoo.”’ 


Kenneth Idomir 28 TM-76 Mace Landing Mat Design 
The Martin Company A parachute descent and cushioned touch-down missile recovery system is 
discussed by an engi who headed the development team. 


Howard Myers 34 Aerodynamically Heated Surfaces—A Chemical Analysis 


Douglas Aircraft Co., Inc. Providing a basis for incorporating ablative cooling into missile design studies. 


Arnold P. Schaffer, AIAS 39 Flight Dynamics of Large External Stores 
Grumman Aircraft Engineering Corp. Scope and content of this discussion should be useful to the designer, 
dynamic analyst, and flight-test authority. 


Daniel O. Dommasch, AFIAS, 45 Optimum Rocket Trajectories. Part lI—Generalized 
and Roger L. Barron, AIAS Boost Analysis 
DODCO, Inc. Presenting the development of the more general optimum boost relations 
which treat aerodynamic effects. 


R. F. Trapp, M. W. Hunter, AFIAS, 49 Manned Nuclear Space Systems. Part Il—Low-Thrust 
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niger: Douglas Aircraft Co., Inc. Including a review comparison of the high- and low-thrust systems. 
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Every feature you've ever New, integral AC/DC input 


No extra AC converter to buy 


wanted, now yours with this Builtin X-axis time base 
NEW MOSELEY 
X .Y R EC O a D F R Local or remote operation 


and look at the broader utility 
you get with these precision 
Moseley accessories 


Digital character printer 


NEW MODEL 2D 


Model 2D is a significantly advanced X-Y Recorder offering 

virtually every useful Recorder capability, plus a new con- 

trol panel arrangement insuring maximum operating con- Continuous soll transport 
venience. Brief specifications are: Input range 7.5 mv to 

150 v on X-axis; 5 mv to 100 v on Y-axis. X-axis time base, 5 

steps, 7.5 to 750 secs. Input resistance 200,000 ohms/v, 

accuracy and resolution + .2%, zero offset, pen speed 

20 in/sec each axis, vacuum paper hold-down. 


Call your Moseley AUTOGRAF Recorder representative 
today or write direct for detailed data on 
Model 2D and accessories. 


Data subject to change without notice. 


Pioneer and leader in X-Y and Strip-Chart Recorders 


F.L.MOSELEY CO. 
Dept. Al0, 409 N. Fair Oaks Ave., Pasadena, California 
MUrray 1-0208 TWX PASA CAL 7687 


Field representatives in all principal areas sans 
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IAS BULLETINS AND LATE NEWS... 


SIMON RAMO, EXEC. VICE PRESIDENT, THOMPSON RAMO WOOLDRIDGE INC., will be dinner speak— 
er at the Manned Space Stations Symposium on April 20 in Los Angeles. 


THE HONORS NIGHT DINNER was the occasion for the presentation of Honorary Fel-— 
lowships to Elmer A. Sperry, Jr. and E. T. Jones. Named Fellows were J. V. Charyk, 
Alfred Eggers, Jr., V.Admiral J.T. Hayward, Lester Lees, C.0. Lin, E.J. Manganiello, 
H. J. van der Maas, and Lysle Wood. Other awards presented by the IAS were the 
Louis W. Hill Space Transportation Award to James A. Van Allen; The John Jeff- 
ries Award to Brig. Gen. Don Flickinger; The Robert Losey Award to Herbert 

Riehl; The Sylvanus Albert Reed Award to Karel J. Bossart; and The Lawrence 
Sperry Award to James E. McCune. IAS Minta Martin National Student Awards went 

to William Rae, Ronald Stearman, E. Brian Pritchard, and Charlie M. Jackson, Jr. 


IAS OFFICERS FOR 1960 AND NEW COUNCIL MEMBERS were elected at the Annual Meeting on 
January 27. Vice Presidents are Col. Paul H. Dane, Harold Luskin, and Charles Tilg— 
ner, Jr. Victor E. Carbonara is Treasurer. New Council Members are Peter Altman, 
John S. Attinello, Milton U. Clauser, Preston E. Dickson, Hubert Flomenhoft, Welko 


Gasich, Donald Germeraad, Nicholas J. Hoff, Lawrence Levy, Axel Mattson, Clyde R. 
Murtaugh, Vernon Outman, and Yusuf A. Yoler. 


Detailed information and pictures on award winners, officers, and new Council members 
will appear in next month's issue of Aero/Space Engineering. 


A ONE-YEAR COURSE IN EXPERIMENTAL AERODYNAMICS is being offered, tuition free, 
to graduate engineers and scientists. For information and applications (due 
March 19) write: The Director, Training Center for Experimental Aerodynamics, 
72, chaussee de Waterloo, Rhode-Saint-—Genese, Belgium. 


THE FUTURE OF MANNED MILITARY AIRCRAFT is the subject of a recently scheduled 
meeting to be held in San Diego, Calif., August 1-3. 


EDITOR'S NOTEBOOK: Aero/Space Engineering's series of electronics articles, announc-— 
ed last month, will make its debut with "A Comparison of Experimental Performance 

of Electric Regenerative Packed Bed Heat Sinks with Analytical Data" in the June 
issue. Authors Saltzman, Plizak, Tomko, and Nycum will include a discussion on the 
performance of thermal barriers as shock and vibration isolators, showing that cer-— 
tain types of thermal barrier materials have shock and vibration isolation charac— 
teristics superior to requirements called out in present specifications. Subsequent 
articles will take up packed regenerator design, performance of regenerators, cool-— 
ing by chemical kinetics and catalysis, and an analytical cooling specification. 


SECTION MEETINGS CALENDAR* 


Cleveland-Akron: Joint Dinner Meeting with ARS, Secret, NASA Lewis Res. 
Center, "Aero Recovery of Parachute Borne Payloads by Fixed or Rotating 
Wing Aircraft", Capt. R. C. Fruge, Jr., USAF. 

Los Angeles: Specialists Meeting, IAS Bldg., 8 p.m., "Development of a 
Low Thermal Conductivity Alloy for Brazing Stainless Steel Honeycomb 
Sandwich", Carl J. Muser, Sr. Research Engr., North American Aviation. 
Washington: Dinner Meeting, Occidental Restaurant, 7 p.m., "Impact of Ad- 
vances in Technology on the Aerospace Industry", J. R. Clark, Gen Mgr., 
Astronautics Div., Chance Vought Aircraft, Inc. 
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*Items for this section accepted up to seven working days before end of the month. 


10-11 Flight Propulsion Meeting (Classified), Cleveland, Ohio. 
20-22 Symposium on Manned Space Stations (cosponsored by NASA and The 
RAND Corp.), Ambassador Hotel, Los Angeles, Calif. 
2-4 IRE Aeronautical Electronics Conference (Participation by Dayton 
Section of IAS), Dayton, Ohio. 
23-25 National Telemetering Conference (cosponsored by IAS, ISA, ARS 
and AIEE), Hotel Miramar, Santa Monica, Calif. 
25-27 Specialists Meeting, Guidance of Aerospace Vehicles, Boston, Mass. 
28—Jul. 1 Summer Meeting, Ambassador Hotel, Los Angeles, Calif. 
1-3 Meeting on Future of Manned Military Aircraft, San Diego, Calif. 
12-16 2nd International Congress, International Council of the Aeronau- 
tical Sciences, Zurich, Switzerland. 
3-5 Midwestern Conference on Air Logistics, Tulsa, Okla. 
17-18 CAI/IAS Joint Meeting, Queen Elizabeth Hotel, Montreal, Canada. 
20-21 Symposium on Hypervelocity Techniques, Denver, Colorado. 
17 Wright Brothers Lecture, Washington, D.C. 
1961 
25-25 29th Annual Meeting, Hotel Astor, Times Square, New York. 


Niagara Frontier: Dinner Meeting, Cornell Aero. Lab. Cafeteria, 7:30 p.m., 
“Aircraft Industry", Harvey Gaylord, President, Bell Aircraft Corp. 


San Diego: Space Science Lecture, IAS Bldg., 7:30 p.m., "Chemical Kinetics J 


and Reaction Rates", 0. Meyers. 

Wichita: Joint Meeting with SAE & ARS, Innes Tea Room, 6:30 p.m., Speaker 
will be Dr. Richard W. Porter, Consultant, General Electric Co. 

San Diego: Space Science Lecture, IAS Bldg., 7:30 p.m., "Erosion of Satel-— 
lites and Meteors", D. B. Medved. 

Texas: Technical Meeting, Engrg. Auditorium, Arlington State Coll., 8 p.m.,] 
"Development of the Atlas ICBM", C. S. Ames, Chief Project Engr., Convair ] 
Astronautics. 

Los Angeles: Dinner Meeting, Secret, IAS Bldg., 6 p.m., "Observations on 
the Space Age", L. Eugene Root, Vice Pres., Lockheed Aircraft Corp. 

Los Angeles: Specialists Meeting, IAS Bldg., 8 p.m., "Steady Two—Dimen— 
sional Flow About Hydrofoils with Gas Exhaust", Andrew G. Fabula, NOTS. 
St. Louis: Technical Meeting, McDonnell Aircraft Auditorium, 8 p.m., 
"Space Systems and Satellites", Col. W. G. O'Brien, USAF, Chief, Space 
Systems Education Div., AFBMD. 

Baltimore: Dinner Meeting, Westinghouse Air Arm Div. Cafeteria, 7 p.m., 
"High Altitude Balloon Research", Malcolm D. Ross. 

Hampton Roads: Technical Meeting, Newport News High School Auditoriun, 

8 p.m., "Manned Interplanetary Flight", Krafft Ehricke, Asst. to the 
Chief Engineer, Convair Astronautics. 

Kansas City: Joint Dinner Meeting with SAE, Wishbone Restaurant, 7 p.m., 
"Lunar Explorations", Dr. Robert Jastrow, Chief, Theoretical Div., God— 
dard Space Flight Center, NASA. 

San Diego: Space Science Lecture, IAS Bldg., 7:30 p.m., "Economic Feasi- 
bility of Recoverable Boosters—Airbreathing and Rocket", P. R. Shipps 
and D. Jones. 

San Diego: Space Science Lecture, IAS Bldg., 7:30 p.m., "Vehicles for 
Interplanetary Flight", F. A. Ford. 

Los Angeles: Specialists Meeting, IAS Bldg., 8 p.m., "Importance of Panel | 
Flutter in Design of Light Weight Structures", Bert Fung. 


INTERNATIONAL, NATIONAL, AND JOINT MEETINGS CALENDAR 
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News. 


. a record of people and events of interest to Institute Members 


15th Flight Propulsion Meeting Scheduled 
in March 


Power for Aerospace Vehicles and Missiles 


Subject of Classified Conference 


Tux IAS 15TH Annual Flight Propul- 
sion Meeting (Classified Secret) will be 
held in Cleveland, Ohio, March 10 and 
11. Four technical sessions on Chem- 
ical Boosters, Nuclear Propulsion, Space 
Propulsion, and Status of Development 
Projects have been planned by the 
Committee, as well as a reception and 
banquet, and exhibits. 

Program Chairman of the Com- 
mittee, headed by members of the staff 
of Lewis Research Center of the Na- 
tional Aeronautics and Space Admin- 
istration in Cleveland, is Carl F. 
Schueller, Chief, Propulsion Aero- 
dynamics Division. Other principal 
planners are: Cochairman, David S. 
Gabriel, Chief, Propulsion Systems 
Division ; Arrangements Chairman, Will- 
son H. Hunter, Staff Assistant, Office of 
the Director; and Exhibits Chairman, 
Thomas B. Shillito, Head, Section D, 
Rocket Systems Branch, Propulsion 
Systems Division. In addition to those 
named, many others from the Cleve- 
land-Akron Section of the IAS and 
the NASA staff are working on the 
plans for this meeting. 

Lt. Gen. Bernard A. Schriever, USAF, 
Commander, Air Research and De- 
velopment Command, will be guest of 
honor and principal speaker at the 
dinner to be held in the Rainbow Room 
of the Pick-Carter Hotel on Thursday, 

= March 10. 

Security clearance forms, which are 
® required for this meeting, were available 
® from the Meetings Department by re- 
p) turn of the request form, mailed with 
@ the complete program to all IAS mem- 
m bers early in January. Security ar- 
» tangements are under the cognizance of 
» the United States Air Force. 

a _ Fourteen papers are to be presented 
» in the four sessions. Those definite at 
» this writing are outlined below: 


Chemical Boosters 


E “Status Report on Saturn,”’ by Heinz 
© H. Koelle, Chief, Future Projects De- 


sign Branch, Dev. Operations Div., 
ABMA. 

“Present Status and Future Outlook 
for Large Solid-Propellant Rocket 
Motors,” by Ernest R. Roberts, Man- 
ager, R&D, Aerojet-General Corp. 

Paper on Air Breathing Boosters by 
Charles W. Frick, Jr., Chief Technical 
Engineer, Convair Div., General Dy- 
namics Corp. 

“Operational and Propulsion Require- 
ments for Recoverable Boosters,” by 
Darrell Romick, Manager, Astro En- 
gineering, Goodyear Aircraft Corp. 


Nuclear Propulsion 


“Nuclear Pulse Propelled Vehicles,” 
by Theodore B. Taylor, Technical 
Assoc. Director, Nuclear Pulse Pro- 
pelled Vehicle Project, General Atomics 
Div., General Dynamics Corp. 

“Characteristics of a Space Vehicle 
Using a First Generation Nuclear 
Engine,” by Charles D. McKereghan, 
Res. Engineer, Denver Div., and Allan 
R. Siegel, Proj. Engineer, Nuclear Div., 
The Martin Co. 


Carl F. Schueller, AFIAS 
Program Chairman 


February 1960 


Lt. Gen. Bernard A. Schriever, USAF, AFIAS 
Dinner Speaker 


“Nuclear Rocket Systems Design and 
Application,” by S. V. Gunn, Chief of 
Nuclear Propulsion, R. F. A. Lem, and 
M. H. Rosenblum, Sr. Research En- 
gineers, Rocketdyne Div., North Ameri- 
can Aviation, Inc. 


Space Propulsion 


“Logistics and Application of Liquid 
Hydrogen in Space,’’ by Richard C. 
Mulready, Project Engineer, XLR-115 
Engine, and Charles H. King, Jr., 
Project Engineer, Advance Programs, 
Florida R&D Center, Pratt & Whitney 
Div., United Aircraft Corp. 


“Propulsion Requirements for 
Rendezvous in Orbit,” by Eugene 
Levin, Mathematician, Aeroastro- 


nautics, The RAND Corp. 

“Propulsion Requirements for Soft 
Lunar Landing,’ by E. V. Stearns, 
R&D Scientist, Advanced Space Res., 
Missiles and Space Div., Lockheed. 

“Power Plants for Atmospheric and 
Surface Vehicles on Mars,” by William 
H. Krase, Engineer, The RAND Corp. 


Status of Development Projects 


“Polaris Missile Development and 
Planning,” by Comdr. C. A. Zimmer- 
man, USN, Head, Propulsion Sect., 
Special Projects Office, Bureau of 
Ordnance. 

“Minuteman Propulsion,’ by Col. 
Lang Ayres, USAF, Headquarters, 
Ballistic Missile Div., Air Research and 
Development Command. 
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Connecticut 35th Section 
The Connecticut Section of the IAS 
was welcomed into the National organi- 


zation at its inaugural meeting in West 
Hartford, Conn., on November 10. 
William Littlewood, IAS President for 
1959, extended greetings, introducing 
Section Chairman Charles Chatfield, 
Secretary of United Aircraft Corp., 
and presenting him with the new section’s 
charter. Other officers of the section 
were in turn introduced by Mr. Chatfield. 
They are, Vice-Chairman, Edward 
J. Odlum, Vice-President of Kaman 
Aircraft Corp.; Secretary, Lee J. Doyle, 
Engineering Manager, Maxim Silencer 
Co.; and Treasurer, Edward Sharp, 
General Manager, Jarvis Manufacturing 
Corp. Rossa Cole, Chairman of the 
New York Section, was present at the 
launching of the new Connecticut Section, 
which in the past had been served by the 
New York Section. 


Creation of the new section came about sO a 


as the result of a survey initiated by 
Carl W. Lemmerman of C. W. Lemmer- 
man, Inc., and Wesley Kuhrt of United 
Aircraft Corp. Research Laboratories. 
IAS members resident and employed in 


in the aerospace field. 


THE INSTITUTE OF THE AERONAUTICAL SCIENCES 


CHARTER 


"GRANTED To THE 


FOR THE PURPOSES OF THE ADVANCEMENT OF THE 


AERO/SPACE ARTS AND SCIENCES AND THE BROADENING 
_ OF PROFESSIONAL RELATIONSHIPS AMONG MEMBERS 


DIRECTOR 


a 


Connecticut responded overwhelmingly The newly designed IAS charter (gold and blue color areas not shown here), presented to the Con- | 
in favor of forming the new section, the necticut Section at its inaugural meeting on November 10. Similar certificates are being distributed | 
Institute’s 35th. Membership is com-‘ to the other 34 IAS Sections. al F 
posed of over 300 engineers and scientists i 


Here is the Sub-Miniature Rate Gyro that represents a 
genuine advance in the design of guidance components. 

Substantially lower cost and greater reliability is 
made possible by a uniquely superior design which elim- 
inates damping fluid and danger of leakage. Linear damp- 
ing is provided by a permanent magnet eddy-current 
damper. 

The Whittaker Sub-Miniature Rate Gyro has a faster 


start time than any other known gyro of its type. Pe 
forms reliably from—65°F to 200°F and extendd 
ranges can be supplied. Gyros designed to your exat 
requirements are available in short delivery time. 

Whittaker Gyro provides you with superior design 4 
lower cost... truly a Miracle in Miniaturization! 

For complete technical data, write for Product Bn 
chure No. SM 1.14. 


WHITTAKER GYRO HAS PRODUCED MORE THAN 400,000 GYRO INSTRUMENTS, MAN! 
OF THEM FOR MAJOR MISSILE PROGRAMS. ALL WG PRODUCTS ARE THE RESULT Of 
BETTER DESIGN CONCEPTS CONSTANT ATTENTION TO DETAIL QUALITY CON 
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Corporate Member 


News— 


e Aerojet-General Corp. has combined 
its Architect-Engineer unit with Elec- 
tronic Design groups into a new di- 
vision. This division, to be known 
as AETRON, will be responsible for 
the development of facilities for the 
manufacture, testing, and development 
of weapons systems and space vehicles. 
e Douglas Aircraft Co., Inc., has organ- 
ized two new corporate functions— 
Defense Programs and Commercial 
Programs. Within their respective 
areas, the two organizations will be 
charged with general direction and 
coordination of marketing activities, 
integrated planning, implementation 
and coordination of programs, and re- 
lated activities. 

e General Precision Equipment Corp. 
has announced the consolidation of 
its four principal subsidiaries—General 
Precision Laboratory, Inc., Kearfott 
Co., Inc., Librascope, Inc., and Link 
Aviation, Inc.—into a single company, 
General Precision, Inc. Effective early 
in January of this year, each of the 
merging companies became a division 
of the new firm, with managements 
remaining the same as before. 


e Janitrol Aircraft Div. was recently 
purchased, along with its parent com- 
pany, Surface Combustion Corp., by 
The Midland-Ross Corp., and will 
hereafter operate as Janitrol Aircraft, 
a division of Midland-Ross Corp. J 


e Walter Kidde & Company, Inc. .f. . 
Aviation Div. has announced that its 
name was changed to Kidde Aero- 
Space Div., effective January 1, 1960. 


e North American Aviation, Inc... . 
Autonetics Div. has announced the 
establishment of a European office 
in Geneva, Switzerland. 


e Ramo Wooldridge, a division of 
Thompson Ramo Wooldridge Inc., 
announced that it has established an 
electronic field office at Sierra Vista in 
southern Arizona. 


e United Aircraft Corp. has announced 
that its Research Department has been 
renamed United Aircraft Corp. Re- 
search Laboratories, marking a turning 
point in its activities from short-term 
and applied research toward basic re- 
search. 


WHITTAKER GYRO 
WG 


Division of TELECOMPUTING CORPORATION 
16217 Lindbergh Street, Van Nuys, California 


WHITTAKER GYRO 


Phone: TRiangle 3-1950 


“Your Guide to Better Flight Control Systems and Components” 


WHITTAKER GYRO: Leading designer and manu- 
facturer of electromechanical and non-electric 
gyroscopes, including rate gyros, vertical gyros, 
and position gyros. In addition, this Division is 
active in the sub-systems field with stable plat- 
forms, inertial guidance equipment, and auto 
pilots for missiles. 


WHITTAKER CONTROLS: Designs and produces 
aircraft and missile fluid control systems, sub- 
systems and components. WC Products are in 
every production military aircraft and commercial 
airliner. In many of the nation's missile programs, 
Whittaker is also solving extreme fluid contro} 
problems. 


MONROVIA AVIATION: Producers of precision air- 
craft structural assemblies, Monrovia Aviation’s 
products are installed on America’s principal mil- 
itary and commercial jet aircraft. This Subsidiary 
also designs and manufactures customized port- 
able air conditioning units for missile ground 
support purposes. 


TELECOMPUTING SERVICES: Skilled in the estab- 
lishment and operation of data processing cen- 
ters, primarily for military and civil agencies of 
the Government. At White Sands Missile Range, 
TSI processes and analyzes missile test data. At 
Vandenberg AFB, this Subsidiary provides data 
processing services for SAC’s Ist Missile Division. 


ELECTRONIC SYSTEMS: Specialists in systems 
management, this Division also designs and man- 
ufactures a wide variety of equipment in the fields 
of electronics and nucleonics for highly classified 
Military Programs. In addition, Electronic Systems 
designs and produces Air Traffic Control equip- 
ment for the Federal Aviation Agency. 


DATA INSTRUMENTS: Leading designer and pro- 
ducer of data reduction systems for ground sup- 
port and range instrumentations. Product line 
includes shaft rotation digital equipment, decom- 
mutators, and other highly complex and special- 
ized instruments for missile and aircraft testing, 
telemetering and in-flight operation. 


ELECTRONIC COMPONENTS: Designs and pro- 
duces components, including magnetic amplifiers, 
transformers, micro-miniature relays, delay lines 
and high temperature ceramic capacitors. These 
reliable components are being selected for instal- 
lation in many of the country’s principal missile 
and space programs. 


COOK BATTERIES: D ig 's and facturers 
of automatically and manually activated silver- 
zinc batteries for specialized missile application. 
These auxiliary power units provide primary or 
secondary electrical power. This subsidiary also 
Produces power conversion and other electronic 
apparatus. 


Telecomputing Corporation is a unique combina- 
tion of carefully integrated organizations. It is 
staffed with scientific talent of rare ability, created 
for the purpose of managing entire Space Technol- 
ogy and Weapon System Projects. Telecomputing 
is developing advanced concepts in industrial and 
military control systems. 


TELECOMPUTING 
CORPORATION 


Los Angeles, California 
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Meet the Staff 


An Aero/Space Engineering feature 
on personnel of the IAS 


George Bunatta— 
“Record Holder’”’ 


George Bunatta, a statistician, is on the 
Institute’s Membership Department staff 
where—since 1953—his duties have in- 
cluded processing of applications for graded 
memberships, preparation and checking of 
dues bill mailings, compilation of data 
pertinent to membership and individual 
subscriptions to AERO/SPACE ENGINEER- 
ING, and screening data for publication in 
the IAS Roster of Members. (The 1960 
Roster will be published as part of 4/SE 
in August.) 

Mr. Bunatta joined the Institute’s paid 
staff in March of 1943 as supervisor of the 
receiving, shipping, and mailing depart- 
ments, and of three storerooms. These 
were located (indicating cramped IAS 


ias News 


quarters of the time) on the 15th, 35th, 
and 5l1st floors of the R.C.A. Building in 
New York’s Radio City complex of build- 
ings. 

Our ‘‘Meet the Staff” personality of the 
month is married to the former Anna M. 
Murphy. Their son, a married daughter, 
and four grandchildren are residents of 
California.—A.B. 


News of Members 


James R. Anderson (A) has been ap- 
pointed Eastern District Sales Engineer 
for Electronic Specialty Co. of Los Angeles. 
Mr. Anderson was formerly Senior Sales 
Representative with the Tapco Group of 
Thompson Ramo Wooldridge Inc. 


Alexander H. Flax (M), Chief Scientist, USAF: 
relaxes with IAS President William Littlewood, 
prior to presentation of the Institute’s 23rd 
Wright Brothers Lecture in Washington, D.C., on 
Dec. 17. Dr. Flax spoke before an audience of 
several hundred on “High Temperatures in 
Supersonic Flow.” 
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James E. Bevins (A), formerly Director 
of Engineering, has been named Assistant 
General Manager of the Eclipse-Pioneer 
Div. of Bendix Aviation Corp. 


W. R. Clay (M), formerly Assistant 
Manager, Engineering Dept., has been 
appointed a Division Vice-President and 
Engineering Department Manager by 
Radioplane, a division of Northrop Corp. 


E. O. Cooper (M) has been named as 
National Director of Aircraft Services by 
the Bendix Aviation Corp. Mr. Cooper 
has been General Manager of the West 
Coast Sales and Service Div. since 1957. 


Joseph W. Dalley (AF) has been named 


’ Professor and Head of the Department of 


Aeronautical Engineering at the Univer- 
sity of Wichita. He will also serve as a 
consultant for Boeing Airplane Co. in 
Wichita. Dr. Dalley was formerly on the 
faculty of the Department of Aeronautical 
Engineering at the University of Texas. 


Joseph L. Dickey (M) has been named 
Manager of the Air Arm Division’s Bo- 
marc Missile Seeker Project by Westing- 
house Electric Corp. Prior to his new 
assignment, Mr. Dickey was engaged in 
antisubmarine warfare activities at West- 
inghouse. 


Coleman duP. Donaldson (A), formerly 
sole proprietor of Aeronautical Research 
Associates of Princeton, announces the 
incorporation of the business. Dr. Don- 
aldson has been elected President and a 
member of the Board of Directors of the 
new corporation. 
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Comdr. Robert F. Freitag, USN (AF), 
has been ordered to head the Navy’s 
R&D program for satellites and space 
systems as Astronautics Officer in the 
newly formed Bureau of Naval Weapons. 
Commander Freitag was formerly Special 
Assistant to Rear Adm. Jack P. Monroe, 
Commander, Pacific Missile Range, Point 
Mugu, Calif., serving as Planning and 
Development Officer, and more recently as 
the Range Support Directorate Program 
Planning Officer. For services performed 
in connection with his assignment at Point 
Mugu, Commander Freitag was awarded 
the Navy’s Legion of Merit. 

William F. Gibbs (AF), President of 
Gibbs & Cox, Inc., in New York, was 
awarded the Michael I. Pupin Medal for 
outstanding “‘service to the nation” by the 
Columbia Engineering Alumni Association 
on December 9. Mr. Gibbs designed the 
liners ‘‘United States’? and ‘‘America,” 
as well as the Liberty ship of World War 
II. The award is the sixth and last to be 
made during the 100th anniversary year 
of the birth of Michael I. Pupin, engineer, 
teacher, and inventor. 

Philip Harr (AF) has been appointed 
Director of Reliability Control for the 
Aircraft and Missiles Div. of the Fair- 
child Engine and Airplane Corp. Mr. 
Harr was formerly Director of Quality 
Control for the division. 

Croydon H. Hartley (M) has been ap- 
pointed Customer Liaison Manager for the 
Los Angeles Div. of Servomechanisms, 
Inc. Mr. Hartley transferred from his 
former position as President of the Com- 
pany’s subsidiary, Servomechanisms (Can- 
ada) Ltd. 

Ephraim M. Howard (AF) is now as- 
signed as Associate Project Engineer, 
Advanced Polaris Project. His former 
assignment was Head, Systems Integra- 
tion Dept., Minuteman Engineering Div. 
In his new assignment, Mr. Howard will 


William C. Holmes (AF) has been appointed 
Vice-President and Manager of the Space 
Communications Div., Radiation Inc. Prior to 
joining Radiation’s West Coast division, Mr. 


Holmes was Assistant Weapon Systems Manager 
and Administration Director of the WS-117L 
Satellite Program at Lockheed Aircraft Corp. 
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Prior to | Large transparent plastic panels form the cockpit win- 


~ dows of the Vertol Aircraft Company’s new YHC-1A 
— a fe helicopter. The plastic is firmly secured to the airframe 

By B.F.Goodrich Rivnuts. About 300 are installed — 
~ quickly and easily—resulting in a finished seal that with- 
stands both vibration and weather extremes. 

_ One man fits the Rivuuts into the hat section, working 
from one side. These Rivnuts act as blind nutplates. 
Attachment screws tighten the molding strips, rubber 
and plastic in a firm, weatherproof grip. 

This use of blind-fastening Rivnuts insures a simple 
and very satisfactory method of window installation. In 
case after case, Rivnuts speed assembly, cut labor costs, 
simplify design. If you’d like recommendations on a spe- 
cific fastening problem, please send'a print of your part. 


ion, Mr. 


Corp. 


Plastic fastened to metal— 


firm and weather-tight with RIVNUTS’ 


“UNILOCK” thread-locking RIVNUTS 


This special Rivnut designed 
for aircraft and missile fas- 
tening has V-teeth under the 
Rivnut heads to lock the 
Rivnut to the material. 
Eliminates key and keyway; 
reinforces the hole. 

For Data Book write Dept. 
AS-2, B.F.Goodrich Aviation 
Products, a division of The 
B.F.Goodrich Company, Akron, 
Ohio. 


BE Goodrich Rivnuts 
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share in responsibilities for the develop- 
ment of the Advanced Polaris Propulsion 
System. 

Marvin J. Kahn (M) has been ap- 
pointed Director of the newly organized 
Plans & Programs Div. of Aircraft Arma- 
ments, Inc. Mr. Kahn was formerly 
Assistant Director of Engineering. 

Morris Lebovits (M) has been promoted 
to Chief of Astro-Aero Sciences at Solar 
Aircraft Co. Mr. Lebovits was formerly 
Section Chief of Aerodynamics for Solar. 

Paul M. Leland (M) has been named to 
the Advanced Systems Planning Staff of 
Minneapolis-Honeywell Regulator Com- 
pany’s Military Products Group. Prior 
to his new position, he had been with 
Rosemount Aeronautical Labs of the 
University of Minnesota for over 11 years, 
most recently as Administrative Scientist. 

Robert K. Lowry (M) has been trans- 
ferred from his position as Western Re- 
gional Manager for Chicago Aerial Indus- 
tries to Sales Manager for Pacific Optical 
Corp., a division of Chicago Aerial In- 
dustries. 


James S. McDonnell, Jr. (F), President 
of the McDonnell Aircraft Co., has been 
elected Chairman of the Board of Gover- 
nors of the Aerospace Industries Associa- 
tion, replacing C. J. McCarthy, Chairman 
of Chance Vought Aircraft, Inc. 

A. I. Moskovits (M) has been appointed 
Head of Reliability Engineering Group, 
ASW Div. of Aerojet-General Corp. Mr. 
Moskovitz was formerly a Design Engi- 
neer with the company. 

Paul Rosenberg (M), Director of Re- 
search of the consulting firm of Paul 
Rosenberg Associates, has been-appointed 
by the National Academy of Sciences and 
the National Research Council to the 
Panel on Ship Operations of the Maritime 
Research Advisory Committee. The 
function of this panel is to advise the U.S. 
Maritime Administration on current and 
future R&D. 


Edward Seckel (A), Associate Pro- 
fessor in the Department of Aeronautical 
Engineering at Princeton University, has 


Bernard H. Goethert (AF), right, Director of 
Engineering for ARO, Inc., was presented the 
Air Force Scroll of Appreciation at the Sym- 
posium on Simulated Altitude Testing of Rockets 
and Missile Components on Dec. 2 at Arnold 
Engineering Development Center. Lt. Gen. 
Bernard Schriever, Commander, ARDC, reads 
the scroll as L. J. Sverdrup, President of ARO, 
Inc., listens. Dr. Goethert received the scroll 
for work done at the AEDC in designing and 
developing the center's propulsion wind tunnel. 


been elected to the Board of Directors of 
Aeronautical Research Associates of 
Princeton, Inc. 


Frederick J. Seufert (M) has been : 


named Section Manager of the newly 
established Systems Development Section 
of Hoffman Laboratories Div., Hoffman 
Electronics Corp. Mr. Seufert previously 
was Operations Director for Hoffman’s 
ULD-1 ‘Tall program. 

Roger D. Sullivan (M), formerly Senior 
Mathematician, has been named Associate 
Consultant and Vice-President and mem- 
ber of the Board of Directors of Aeronauti- 
cal Research Associates of Princeton, Inc. 


Wladimir A. Reichel (AF), Chief of Basic Design for the Norden Div., United Aircraft 
Corp., was presented the Department of Defense Medal for Distinguished Public Service, 
at a Pentagon ceremony on November 17, 1959. James H. Wakelin, Asst. Secretary of 
the Navy (R&D) left, presented the medal here examined by Vice Adm. John T. Hayward, 


Deputy Chief of Naval Operations. 


Armand J. Thieblot (AF) has been ap. 
pointed Director of Engineering for the 
Aircraft and Missiles Div. of the Fairchild 
Engine and Airplane Corp. Mr. Thieblot 
had previously been with Fairchild from 
1932 to 1951, when he left to form the 
Thieblot Aircraft Co., from which he hag 
withdrawn to rejoin Fairchild. 


George J. Vila (M) has been appointed 
Washington Manager—NASA for Convaig 
Div. of General Dynamics Corporation, 
responsible for coordinating all Convair 
efforts relating to NASA projects. For. 
merly, Mr. Vila was Convair-Astronautics’ 
representative for Air Force business. 

Elmer P. Wheaton (AF), Vice-President 
—Engineering of Missiles and Space Sys 
tems for Douglas Aircraft Co., has beer 
elected Chairman of the newly organized 
Guided Missile Council of the Aerospac¢ 
Industries Association. 


Necrology 


Deryck C. Smith 


The Institute has received news @ 
the death on December 5, 1959, of Deryck 
C. Smith (AF), Executive of the NAT 
AGARD Structures and Materials Panel 
Prior to joining NATO, Mr. Smith hag 
been associated with the Royal Aero 
nautical Society as Technical Assistami 
to the Secretary. 

Mr. Smith was born in Newmarke 
England, in November, 1916. He tool 
his higher education at Cambridge Uni 
versity, receiving his B.A. in 1938 aml 
his M.A. in 1941. 


Robert A. Schnelker (A) 
August 2, 1959, Torrance, Calif. 


H. C. B. Thomas (AF) 
Farnborough, Hants., England 


Charles R. Strang (AF) has been named 
head the newly established Advanced Resear 
Organization of Douglas Aircraft Co., Inc. 
Strang was previously Chief Engineer of Dougla 
Tulsa Div. 
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He put a new twist 
in an old trick 


His problem was to take a 3”x6”x 
8-foot piece of wave guide tubing 
made of .08-inch thick aluminum and 
to twist one end 90° to the other with- 
out buckling or stretching any part 
of it...so that a cross section taken 
anywhere along its length remained 
a perfect rectangle. 


The standard solution for a prob- 
lem like this: Support the tube in- 
ternally with a solder-like substance 
that’s melted in, cooled, melted out 
after twisting. It won’t work here 
because the mass of the substance is 
too great. 


Here’s how this AMF production 
engineer found the answer. First, he 
visualized the concept that, in any 
symmetrical twist, the center axis 
never moves. Then he applied this 
concept by stringing a metal rod 
through the center of 288 rectangu- 
lar shims, inserted them in the tube, 
cushioned them with the same 
solder-like substance. Jaws clamp on 
either end. One of them rotates 
slowly (twisting time: over 2 min- 
utes) giving the metal time to flow. 
The result: Perfect twists, every 
time. 


Single Command Concept 


This bit of production know-how 
is a sample of the ingenuity AMF 
brings to every assignment. 

AMF people are organized in a 
single operational unit offering a 
wide range of engineering and pro- 
duction capabilities, Its purpose: to 
accept assignments at any stage 
from concept through development, 
production, and service training... 
and to complete them faster...in 


* Ground Support Equipment 

Weapon Systems 

Undersea Warfare 

Radar 

* Automatic Handling & Processing 

Range Instrumentation 

¢ Space Environment Equipment 

¢ Nuclear Research & Development 
GOVERNMENT PRODUCTS GROUP, 


AMF Building, 261 Madison Avenue, 
New York 16, N. Y. 


AMERICAN MACHINE & FOUNDRY COMPAR 


| ineering and manufacturing AMF has ingenuity you Can USC... sees 


1AS News 


Sections 


Columbus Section 
IAS Aims & Objectives 


“The Significance and Goals of the 
IAS”? was the subject of a presentation by 
S. Paul Johnston (F), Director of the 
Institute, before the Columbus Section on 
November 19. Mr. Johnston’s talk pro- 
voked interest and discussion regarding 
the present and future activities of the 
Institute. 


James P. Looms, Secretary 


Great Salt Lake Section 


William Littlewood 
Lists Air Transport Kinks 


The inaugural meeting of the 1959-1960 
series of meetings was held at the Hill AFB 
Officer’s Club on November 5, 1959. 
Guest speaker William Littlewood (HF), 
Vice-President, Equipment Research, 
American Airlines, Inc., discussed the 
natural problems associated with growth 
which have beset air transportation. 

Mr. Littlewood stated that while there 
have been more passengers for the airlines 
to handle, there have also been more and 
faster airplanes to meet the public’s de-, 
mand. This has led to some rather prom- 
inent problem areas which involve the 
talents of several engineering fields. For 
example, there is the community problem 
related to airport location; the problem of 
transportation between air terminals and 
downtown locations of businesses; the 
problem of communications relative to 
securing reservations and providing move- 
ment instructions for the passengers; as 
well as the problem of communications 
relative to Air Traffic Control. 

The handling of baggage is no small task 
when it is realized that a fast-moving 
transportation system requires prompt 
handling of individual luggage at each of 
the terminals, while maintaining mass 
transportation techniques. Considerable 
progress has been made in improving air 
travel techniques so that passengers may 
have safe and comfortable travel. 

The increased demand for air trans- 
portation has brought about a desirable 
growth of the air transport unit. These 
larger units are able to provide added 
passenger comfort; however, complexities 
arise from the increased size, speed, and 
cruise altitudes. Navigation facilities are 
less efficient, and congestion in the vicinity 
of the air terminals has created certain 
safety hazards. These situations have 
gained the attention of the airlines, and 
due attention is being given to bring about 
a solution. 

Mr. Littlewood illustrated the growth of 
air transportation by pointing out that the 
Ford Tri-motor, one of the earliest to carry 
passengers, cost approximately $55,000, 
whereas some of the more recent airlines 
cost in excess of 5 million dollars. The 
high cost of the modern transport is offset 
by the fact that it can carry a large pay- 
load at tremendous speeds, making the 
cost per ton-mile an economic feasibility. 

If supersonic flight becomes a reality, 
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Mr. Littlewood stated that we should ex- 
pect a minimum speed of about 2,200 
m.p.h., at altitudes above 60,000 ft. He 
noted that while such performance can be 
expected, a substantial effort will be re- 
quired, and this will probably take more 
than a decade to accomplish. 


KARL L. KOERNER, Secretary 


Kansas City Section 
Soviet Aeronautics 


Dr. Grigori A. Tokaty, Visiting Pro- 
fessor of Aeronautical Engineering at the 
University of Kansas, now on leave as 
Head of the Aeronautical Department of 
the University of London’s Northampton 
College, discussed ‘‘Aeronautical Research 
and Education Facilities in the U.S.S.R.”’ 
at the November 23 dinne: meeting. 

Stating that the Soviet aeronautical 
industry is relatively young, Dr. Tokaty 
cited early efforts, a few wind tunnels, 
some aeronautical institutes, and the 
establishment of CAGI (the Soviet 
equivalent of our NACA). In 1936 anew 
CAGI came into existence, which by early 
examination of NACA efforts avoided 
mistakes and troubles. This organization 
is top secret, and stringent security meas- 
ures are employed. Other important 
organizations are the Flight Research 
Institute of the Ministry of Aviation Pro- 
duction and the Scientific Test Institute 
of the Soviet Air Forces. All aircraft 
must have the stamp of approval of the 
latter group. 

Dr. Tokaty described the Soviet system 
of education for the aeronautical engineer, 
explaining the concentration on aero- 
nautics with the elimination of the liberal 
arts. He also explained the scientists’ 
control by the state in fulfilling the re- 
quirements for a new design in accordance 
with schedules drawn up by the State 
Planning Commission in conjunction with 
the General Staff of the Armed Forces. 


F. A. ROSENTHAL, Secretary 


Los Angeles Section 


Active Meeting Schedule; 
New Organization Effective 


‘Aerodynamic and Heat-Transfer 
Characteristics of Separated Flow Re- 
gions’’ was the subject of a paper pre- 
sented by Dr. A. F. Charwat (M) at the 
November 24 Specialists’ Meeting. Dr. 
Charwat, who is in charge of the High- 
Speed Aerodynamics and _ Propulsion 
Laboratory of the U.C.L.A., treated both 
subsonic and supersonic flow, describing 
the results of extensive tests using numer- 
ous experimental techniques to measure 
the properties of the separated region. 
These have included schlieren observation 
of the acoustic radiation, oil film visualiza- 
tion, and measurement of heat diffusion 
from a point source within the separated 
flow. A critical appraisal of these results 
indicates that simple analytical models 
of separated flow are adequate for describ- 
ing the attendant pressure rise, but not 
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adequate for computations of heat transfer 
within the separated region. 


> Dr. Abe Silverstein, Director, Office of ‘ 


Space Flight Development, NASA, was 
guest speaker at the November 19 dinner | 
meeting, with Elmer P. Wheaton, Vice- 7 
President, Engineering, Missile, and Space 
Systems, Douglas Aircraft Co., Inc., as 
guest chairman. In his presentation, 
‘Present Achievements and Future 
Promise of Space Flight,’’ Dr. Silverstein | 
summarized the status of the space pro- | 
gram and planning for future projects. 
Drawing on recent discussions with scien- 
tists who are prominent in the Russian 
space program, he drew these comparisons 
between the U.S. and U.S.S.R. space 
efforts: 

(1) The quality of instruments for 
scientific investigations in space is about 
equal in the two countries, with Russian 7 
equipment somewhat superior in some | 
areas and somewhat inferior in others. § 

(2) Because they possess more powerful e 
boosters than we have, the Russians can P 
use boiler plate construction in their pay- 7 
loads, with consequent increase in ae 
bility. 
> On November 17, 34 members attended : 
a field trip to the Los Angeles plant of the 7 


Firestone Tire and Rubber Co. In addi- 7 
tion to a tour of the tire production facility, 7 
several movies of rubber development and | 
uses were presented. ; 
> Robert B. Leighton, Professor of Physics | 
at C.I.T., discussed ‘‘Solar Magnetic 
Phenomena” at the November 10 Special. | 
ists’ Meeting. Dr. Leighton, who te. / 
cently developed a method for mapping | 
the time variant magnetic field of the sun’s 
surface, especially surrounding sunspots, 
flares, and other active regions, demon.- | 
strated the correspondence of these fields 

with observed fields of calcium light. A) 
review of our knowledge of the cyclic 

nature of sunspots was also presented, | 
along with movies of solar prominence. | 

As the 1960 program got into full swing, | 
the L.A. Section was finding its new 
organizational structure to be increasingly 
effective. Two new posts have been 
added to the Executive Committee (Sec- 
tion Chairman, Vice-Chairman, Secretary, 
and Treasurer)—those of Operations 
Chairman, P. R. Compton, and Program} 
Chairman, J. W. Wechsler. Committees 
which come under the Operations Chair- 
man are Advanced Planning, Education, 
Information, L.A. Technical Societies 
Coordination, Membership, Public Rela- 
tions, and Service. Directed by the Pro-} 
gram Chairman are Committees on Dinner 
Meetings, Field Trips and Social Events, 
Historical, Security, Specialists Meetings, 
Summer Meeting, and Symposia. 

The Section has found particular benefit 
in its 6-month standing clearance available 
to members. This process has permitted | 
the Section to conduct a classified meeting | 
with as little as 10 days’ notice (8 weeks is 
standard). The convenience of the proc: 
ess has permitted the committees to 
schedule numerous classified meetings into) 
their programs at a minimum cost and) 
effort. 

The recent formation of a Service Com- 
mittee has also been effective in presenting 
an opportunity for members just entering 
industry to join actively in the IAS opera- 
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tion. Through their activities in provid- 
ing assistance at the meetings, they gain 
experience which will make them valuable 
to the Section and the industry. 


Starr J. Cotsy, Secretary 


New York Section 


AHS President 
Looks at Soviet Aviation 


Ralph P. Alex, Head of Component 
Design, Sikorsky Aircraft Div., United 
Aircraft Corp., and the 1959 President of 
the American Helicopter Society, ad- 
dressed the New York Section of the IAS, 
November 19, on ‘fA Close Look at the 
Russian Aviation Industry.”’ 

Mr. Alex had made a 17-day tour of the 
Soviet Union in his capacity as President 
of the International Helicopter Com- 
mission of the Federation Aeronautique 
Internationale. His talk was a running 
commentary on color slides which, in addi- 
tion to providing a close look at Russian 
aviation, offered an interesting view of the 
Russian people and of life under the Soviet 
system. 

While in Russia, Mr. Alex met and 
talked with Russian designers and officials 
of civil and military aviation. He was 
given the opportunity of inspecting various 
aircraft and of flying in several helicopters. 


RoBeErT L. GUSTAFSON 
Advisory Board Member 


Omaha Section 
Officers Elected 


Section Officers for the 1959-1960 year 
were elected on November 6: Chairman, 
S. M. Haley, Jr.; Vice-Chairman, R. S. 
Chubb; Treasurer, Major W. G. Hynds, 
USAF; and Secretary, M. J. McAlister. 


M. J. McALIsTER, Secretary 


St. Louis Section 
lon Propulsion System 


“As in many other types of propulsion, 
there are a number of unsolved problems 
inherent in ion propulsion. The ultimate 
objective is a space vehicle system of 
optimum efficiency, but, at first, efficiency 
itself is not the paramount criterion from 
which all other design considerations must 
originate. It is of more immediate impor- 
tance to design, construct, and ground test 
an operational vehicle and then optimize 


Seated at the head table at the Nov. 19 dinner meeting of the New York Section are (left to right) 
Arthur Gilmore, George Fogas, Robert L. Gustafson, James Zusi, Rossa W. Cole, Ralph Alex, R. M. 
Woodham, Charles Tilgner, Nelson Shapter, and Theodore Hammen, Jr. 


the system for the greatest overall effi- 
ciency.”” This was the conclusion drawn 
by Andrew E. Lennert, Project Staff Engi- 
neer, Propulsion Department, Nuclear 
Div. of The Martin Co., speaking before the 
October 21 joint meeting of the IAS, IRE, 
and AIEE. 

Mr. Lennert discussed the feasibility 
and regions of application of various pro- 
pulsion systems and the direct conversion 
of nuclear energy to electrical energy. He 
predicted that a 20,000-lb. vehicle could 
be placed into orbit by 1965. 

Comparisons based on specific impulse 
as a common denominator together with 
thrust to weight ratios and cost were pre- 
sented for propulsive devices employing 
plasma, chemical, nuclear, solar sail, radio 
isotope, photon, and ion systems. Based 
on these presentations, the two systems 
most worthy of consideration were the ion 
and plasma. The anticipated efficiency 
of electrical conversions to propulsive force 
is approximately 92 per cent for the ion 
system compared to 50 per cent for the 
plasma system at specific impulses of 8,000 
and 2,000 sec., respectively. The higher 
efficiency of the ion system potentially 
means a lighter power plant. Despite 
their excellent specific impulses, both of 
these systems have quite low thrust to 
weight ratios. Neither would be good for 
quick trips since the accelerations obtain- 
able are in the fractions of a g. 

Feasible systems for the direct conver- 
sion of nuclear to electrical energy were 
illustrated by slides. The _ electrical 
energy is converted to thrust by means of 


an ion generator and an ion accelerator. 
A feasible system employs cesium that is 
ionized by impingement on a tungsten 
grid. The internal space charge is reduced 
by producing electrons in close proximity 
to the positive ions in the accelerator. 
Mr. Lennert pointed out that the two 
biggest problems are (1) the neutraliza- 
tion of the space charge immediately aft 
of the vehicle and (2) a reliable power 
plant. Cesium has the desirable prop- 
erties of a high atomic weight and a low 
ionization potential. The cathode tem- 
perature required is approximately 1,500° 
K.—a nominal temperature. On the 
other hand, the plasma system produces a 
temperature that is too high, thereby ren- 
dering it inefficient. : 

Mr. Lennert noted that the ion rocket 
achieves a number of economies—for one, 
the 20,000-Ib. boost capability could be 
achieved. He had specifically pointed out 
why the ion system could be justified— 
mainly by the requirements of future space 
vehicles, requirements such as extreme 
reliability, development time cost, power 
source, specific power generation, specific 
impulse, payload capability, and many 
others. Even though the power plant 
required to generate the electric power is 
quite heavy, ion rockets offer overall 
weight-savings when compared with lower- 
specific-impulse propulsion systems for 
many space missions. The practical ion 
rocket requires (1) a high efficiency, (2) 
small weight, and (3) long operating life. 

MARIANNE KELLY 
Recording Secretary 
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BENDIX RED BANK ANNOUNCES NEW FACILITIES for research, develop 
ment and production in Safing, Arming, and Fuzing Systems and Components. As systems increase il 
complexity the need for higher precision in safing, arming, and fuzing grows. To meet this need, Bendil 
Red Bank Division has created a new department exclusively devoted to design, engineering, and pre 
duction techniques for these vital systems. m This “‘Special Products Department” is staffed by engineer 
selected for special abilities in this field. Environmental test equipment and precision tooling enabk 
swift, accurate transition from design to product. Fresh approaches to design and production problems att 
encouraged by environment conducive to creative thinking. Performance-proved production resource 
back up new ideas. m Since 1941, Bendix Red Bank has grown from a maker of simple electrical device 
to a producer of complex electrical and electronic systems. This is added assurance that here your mos 
complex safing, arming, and fuzing problems will receive knowledgeable attention from fundamenté 
analysis through final production. 

SPECIAL PRODUCTS DEPARTMENT 


Conk? DIVISION “enc 


EATONTOWN, NEW JERSEY AVIATION 


West Coast Office: 117 E. Providencia, Burbank, Calif. e Export Sales & Service: Bendix International, 205 E. 42nd St., New York 17, N. Y. 
Canadian Affiliate: Aviation Electric, Ltd., P. O. Box 6102, Montreal, Quebec. 
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Uses for Plasma Jet 
Discussed by U.S.S.R. Press 


@ Utilization of plasma jet for welding, 
brazing, surfacing, cutting, and scarfing 
is discussed in a U.S.S.R. press item 
noted recently. The item states that 
the Institute of Metallurgy of the 
U.S.S.R. Academy of Sciences has 
designed several types of plasma jet 
torches which have been successfully 
used in welding 0.2-1.0 mm. carbon 
and stainless steel sheets, without 
backing, and in cutting stainless steel, 
aluminum, and titanium. 

Contributors of this item, I. D. 
Kutagin and A. V. Nikolayev, also 
furnished an article on plasma jet to 
an Academy of Sciences journal some 
weeks earlier. Here, they deal pri- 
marily with such basic characteristics 
as heat flow rate and coefficient of heat 
transfer from the plasma jet to the 
object being heated. They state that, 
as determined experimentally, the 
former value is considerably affected 
by the distance between electrodes, 
by gas consumption, and especially by 
current intensity, generally increasing 
with an increase in the value of these 
three factors. They say that the 
electrode material (tungsten or carbon) 
has no effect on the heat flow rate. 
The coefficient of heat transfer generally 
increases with increased gas consump- 
tion and decreases with an increase 
in current intensity, these Soviet inves- 
tigators have found. They give the 
range of obtainable temperatures as 
from 8,000° to 10,000°C. 


Gallium Derived 
From Slag Waste 


@ Hungarian scientists are using red 
slag waste from aluminum ore process- 
ing to obtain gallium and iron, according 
to report. One plant is said to be 
already producing 33 Ibs. of gallium 
annually. The report states that the 
slag, containing up to 35 per cent iron 
oxide, is also smelted in blast furnaces 
for iron. Hence the famous Hungarian 
bauxites are now the source of iron, 
aluminum, and gallium. 


| 

| 
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Engineering and Scientiftc Briefs from Correspondents Around the Globe 


Significance of this item is heightened 
by the important potentials seen for 
gallium in modern technology. Gallium 
has a melting point (86°F.) which is 


unusually low for a metal, expands 
upon solidifying, and supercools readily, 
remaining in the liquid phase at” tem- 
peratures as low as 32°F. The useful 
liquid range of gallium is the widest of 
any element—more than 4,500°F. 
Among the uses of gallium already 
realized or being explored are (1) as a 
liquid seal in strongly heated apparatus; 
(2) enclosed in clear quartz, for a high- 
temperature thermometer; and (3) as a 
possible heat-exchange medium in nu- 
clear reactors. 


HERE PROPULSION 


Posit VE PRESSURE 


Stillman meets “Space Age” requirements with the same reliability and product 
perfection that has earned them a name for dependability throughout the aircraft 
and missile industry for many years. Stillman products fly with the jets. They are 


also integral parts of the fuel and hydraulic systems for many 
of the advanced weapon systems. Engineering, research and 
development, and progressive designing enable Stillman to 


meet the challenge of the space age. 


STILLMAN RUBBER COMPANY 


CULVER CITY, CALIF. / CLEVELAND, OHIO /ENGLEWOOD, N. J. 
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Beyond their immediate military 
necessity, our present rocket and 
missile programs promise many 
vital peacetime benefits to us all... 


Well past the drawing board stage are 
plans to use satellites as a low-cost emer- 
gency stand-by system to relay telephone 
calls around the world. 
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Your call would be beamed to a satellite, 
then bounced back to a receiving station 
on Earth. Cost is estimated at a fraction 
of what must be spent to install and 
maintain cables or radio relay towers. 

While satellite telephone service is still 
in the future, Thor—the rocket that can 
put it into being—is thoroughly proved. 
Built by Douglas, maker of the DC-8 jet- 
liners, Thor has been successful in more 
than 90% of its shots. It is key booster 
in the “‘Discoverer’’ firings and launched 
the first nose cone recovered at ICBM 
range. 

Thor is another product of the imagi- 
nation and experience gained by Douglas 
in 20 years of missile development. 


February 1960 


Launched by the Douglas-built Thor 
IRBM, satellites like this would relay 
telephone messages anywhere in the 
world without costly cables or towers. 
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EDITORIAL 


A New VGM 


One of the most productive of IAS activities in the 
past few years has been our Educational Program run 
generally under the supervision of the IAS Educational 
Committee and supported financially by income from 
the Minta Martin Aeronautical Student Fund (one- 
half million dollars donated by the late Glenn L. Mar- 
tin). In addition to the normal work of our 80-odd 
Student Branches, the activity has included the opera- 
tion of a half a dozen annual Regional Student Confer- 
ences from which selected papers of outstanding merit 
are submitted for national prizes, and the preparation 
and publication of special manuals (a) for the use of 
our Corporate Members in their engineering recruitment 
programs and (b) for the use of Vocational Guidance 
Counsellors and students in selecting courses of study. 

The preparation of material for corporate use has 
been the official task of the IAS Engineering Career 
Development Committees. The original Committee 
was formed in 1955 in Los Angeles by several of our 
members who had recognized that our Corporate 
Member companies were themselves a prime source of 
information on engineering recruitment requirements 
and techniques. The Committee undertook to collect, 
compile, coordinate, and distribute such material in the 
form of a loose-leaf manual so that the composite ex- 
perience of many organizations would be made avail- 
able to all. The first results on the West Coast were 
so promising that the program was expanded to a 
national scale, and two other Committees were set up, 
one in the East and one in the Southwest. For the 
past two years these Committees have been working 
together—exchanging material and experiences and 
feeding the screened product into the ECDC Manual, 
copies of which are now in the hands of all IAS Corpo- 
rate Members. 

The other program—i.e., the supplying of vocational 
guidance material to teachers and students—has been 
equally successful. The first IAS Vocational Guidance 
Manual A Guide to the Engineering Professions in the 
Aviation Industries, intended primarily for faculty 
counsellors in high schools and junior colleges, was 
published in 1953. The project had been proposed by 
Wellwood Beall of Boeing during his term as IAS Presi- 
dent in 1952. It described the nature and extent of the 
industry and the various kinds of jobs open to aero- 
nautical engineering graduates. It also listed schools 
and universities where aeronautical engineering courses 
were offered. Some 30,000 copies were distributed 
through IAS Sections to schools all over the United 
States. A second edition (30,000) was published in 
1954 and given equally widespread distribution. An- 
other 30,000 copies of an extensively revised edition 


under a new title (The Engineering Professions in Avia- 
tion) were distributed in 1957. 
This type of material proved highly useful for teachers 
and counsellors, but lacked direct appeal to the students 
themselves. There was a need, therefore, for a more 
personal approach—a somewhat ‘‘dressed-up”’ version 
telling the prospective engineering student what it 
meant to be an engineer, and how to go about preparing 
for an engineering career. To meet this requirement a 
new booklet Your Career as an Engineer in Aviation 
was prepared by our Member Services Department dur- 
ing the latter part of 1956. Many of our Corporate 
Members and many schools and individuals contributed 
to this effort. This proved so attractive to schools and 
students alike that three printings totaling 150,000 
copies were distributed. This was as far as we could 
go. The demand for these booklets far exceeded our 
financial capability to supply them. 
About a year ago it was decided that revisions were 
again in order to keep abreast of rapidly expanding 
aerospace techniques. It was agreed that a new booklet 
should be prepared, combining the best features of the 
preceding two. The job was assigned to Anthony 
Harris of our Staff, working under the direction of 
IAS Assistant Secretary Thomas Meskel. Those of 
you who attended the 28th Annual Meeting in New 
York have already seen the result of their labors. We 
are all particularly proud of the new Vocational Guid- 
ance Manual Your Career as an Aero/Space Engineer. 
We feel that it presents the case for studies in the aero- 
space sciences accurately and attractively with a 
minimum of ‘“‘ballyhoo.” Many have contributed 
material and ideas. The text has been read and re- 
viewed by educators and many people in industry. 
The Staff worked long and hard to develop an attrac- 
tive and readable format. Our thanks and appreciation 
go to all those who participated in the project. 
With money presently available in the Minta Martin 
Fund we can print and distribute 100,000 copies. We 
would like to do more because we think that every high 
school student in the country who has any interest in 
science and/or engineering could read it with profit. 
In the hope that some means can be found to augment 
our own distribution, we are holding the plates for re- 
printing. If we could accumulate sufficient orders in 
bulk to total another 50,000 copies or over, the cost of 
printing would come to 15-20 cents per copy. Any- 
one interested in purchasing additional copies in bulk 
for his own distribution should communicate with 
Thomas Meskel, Assistant Secretary, IAS, at our New 
York Office. 
S.P.J. 
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The story of the development of a parachute recovery kil 
with landing mats for shock absorbers—‘‘the recoverable missile can be converted to 


TM-76 Mace Landing Mat Design 


Kenneth Idomir 
The Martin Company 


= TM-76 Mace, manufactured by 
The Martin Company’s Baltimore Division for the 
USAF, is a swept-wing, T-tail, jet-propelled, surface- 
to-surface, self-guided missile. Launched from a mo- 
bile zero-length launcher or from a hardened ground 
site, it is guided to the target by ATRAN, a radar 
map-matching system, or by an earth-referenced iner- 
tial guidance system. In test flights, it can be made 
recoverable by the addition of an interchangeable par- 
achute recovery kit (Fig. 1). 

Investigations, based on reports of Air Force guided 
missile test activities, revealed that the parachute 
system was twice as reliable as the skid-type system. 
The skid-type system also required a special landing 
area, flight control modifications for accurate approach 
and landing, and too much of the valuable space inside 
the missile. This system therefore was rejected. The 
contract subsequently awarded to Martin was for de- 
velopment of a parachute ‘recovery kit’”’ with landing 
mats for shock absorbers. 

This recovery kit, installed in place of the warhead 
in the warhead section, permits complete adaptability. 
The recoverable missile can be converted to tactical 
use simply by removing the recovery kit and installing 
the warhead, or vice versa. 

Two landing mats (pneumatic shock absorbers), one 
installed forward and the other aft, reduce the descent 
velocity of the missile from parachute rate of descent 
to zero, without exceeding the design limitations of the 
missile. During final descent, the landing mat fairings 
are released by explosive bolts and the landing mats 
are exposed and automatically inflated to a predeter- 
mined pressure by air stowed in high-pressure pneu- 
matic cylinders. Shear pin-type orifices are installed 
in the landing mats to control impact loading. The 
design criteria follow: 

(1) Total missile weight (10,600 lbs.) is equally 
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tactical use simply by removing the recovery kit 
and installing the warhead, or vice versa.” 


A native of Rumania, Mr. Idomir was engineer- 
ing task leader during development of the 
TM-76 Mace missile parachute recovery 
system. He has been a senior engineer as- 
sociated with hydraulics design and testing 
on the Mace and P6M SeaMaster projects 
and is now engineering task leader on the 
preparation of hardened launch sites for the 
new inertially guided Mace B missile. During 
World War Il, he served as gunner's mate on 
a Navy attack transport and was wounded in 
action in the Irish Sea south of Wales. Later 
he transferred to the Air Force and was an 
aviation cadet pilot trainee when the war 
ended. After the war, he obtained a 
Bachelor of Mathematics degree from Pennsyl- 
vania State University. 


distributed between two landing mats (W = 5,300 
Ibs.). 

(2) Parachute rate of descent V is 27 fps nominal 
at 4,500 ft. msl. 

(3) Maximum missile load limit is 50,000 Ibs. 


(4) Landing mat efficiency is assumed to be 60 per! 


cent. 


Missile energy Ey, is the kinetic energy of the para-| 


chute descent rate and the potential energy of position. 
Thus, Ey = (WV?/2g) + WS, where S is the stroke 
in feet, and Ey = 60,000 + 5,300 S. 
Landing mat efficiency is expressed as 
Em 
Landing Mat Energy Ep, 


Missile Energy 


where ¢ is efficiency. 

The stroke required to dissipate the missile energy ‘ 
therefore S = E,/50,000 = E,,/50,000e, where S = 
2.43 ft. or 29.2 in. 

The landing mat configuration shown in Fig. 2 wai 
selected for the following reasons: 

(1) Structural limitations necessitated the addition 
of 11 in. to the landing mat height, which would no 
be utilized as a working stroke. 

(2) To prevent the missile from rolling at grount 
contact. 

(3) To avoid stress concentrations within the fiber 
of the landing mat itself. 

The ideal landing mat would maintain a constat! 
decelerating force by the use of a variable nozzk 
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However, since fabric design limitations of the landing 7 [7 


} mat at the time made this impossible, a fixed area orifice Ve 4 
j 77 
which would open at a predetermined pressure and 
stroke was chosen. Fig. 3 shows a plot of volume and SE —— \" 


area vs. stroke, and Fig. 4 shows a plot of flow rate 
vs. pressure. 
With adiabatic conditions assumed, computations 


Bes 

were then made to ensure that the missile would be 
stopped in the allowable stroke without exceeding fi \ 
design load limitations. Figs. 5 and 6 show that a —~t cS SS 
variable weight can be recovered; however, consider- 
able energy stored within the landing mat will be re- a Sa 

leased, causing the missile to bounce. To prevent this Fig. 1. Mace three-view, recovery kits installed. 


bounce over the anticipated range of recovery weights, 
the landing mat (Fig. 2) was modified by adding an- 
other section and allowing the air to be throttled into 
it—i.e., the final landing mat configuration consists of 
a mat within a mat. (A compromise, experimentally 
determined, was made on throttling the outer mat, 
based on the final missile weight distribution. Residual 
energy varied from 600 to 2,000 ft./lbs. This means 
the missile will bounce from 1.5 to 5 in. on ground 
contact.) 

In determining the effective recovery weight for each 
mat, consideration was given to: Fig. 2. Landing mat profile. 

(1) A missile landing attitude of 10° nose up or 
down. (The pitch rotation of the missile about the 
landing mat point of ground contact was not considered 
because this rotation will not appreciably affect the 
landing attitude.) 
9,300 | (2) The relieving effect of parachute lift during the 

landing process. 
ninal The following is an outline of the approach used in 
__ the design of the landing mats. 


20 in. Spherical Radius —, 


Section A-A 


pets) 


+ 


Landing Mat Volume ( cu ft) 
3a 


& 8 


(I) Determination of Load vs. Stroke 


0 per 


Landing Mat Area (eq ft) 


In order to obtain the load vs. stroke curve (Fig. 3) L 
para’ of the landing mat, the variation of contact area, a 
sition. volume, and pressure with respect to stroke must first 
stroke be determined. 


Landing Mat Stroke (in.) 


ae 


Fig. 3. Landing mat stroke relationship. 
Area vs. Stroke 


An approximation of contact area is obtained when 

horizontal cutting planes are passed through the land- 

ing mat at various heights (see Sketch A). The height 7 

h of the cutting plane above the ground line represents 

ergy i one-half the total stroke since the landing mat deflects FH 
e S= equally from the top and bottom. Section A-A shows 
the approximated contact area to be elliptical in shape. 

2 wa: Utilizing a scaled layout, values for the semimajor axis 


Flow Rate (1b/sec - 


Hissite (Ref .) 4 
| Flow Rate Vs Pressure 
grount 2 Coefficient of Discharge 0.6 4 
nozzle Sketch A. Fig. 4. Orifice flow rates. 
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Fig. 5. Load, velocity, and pressure vs. stroke (5,300 Ibs.). 


a and for the semiminor axis } are obtained for various 
strokes: 
Total stroke, S = 2h 
Contact area, A = mab 


Volume vs. Stroke 


The volume vs. stroke curve (Fig. 3) can then be 
determined from the plot of area vs. stroke after the 
total volume is known. The change in volume AV’ for 
a small stroke increment AS between the limits of 
points 1 and 2 of an increment is determined by the 
following equation: 


(AV):-2 = 1/2(A1 + A2)(AS)-» 


where A, and A,» are contact areas obtained from the 
area vs. stroke curve. Having determined the change 
in volume, the new volume is determined by 


V2 = Vi = (AV)1-2 


where V; is the volume at the beginning of the stroke 
increment, and V2 is the volume at the end of the 
stroke increment. 


Pressure vs. Stroke 


It now becomes necessary to determine a pressure 
vs. stroke curve (Fig. 5). The following assumptions 
are made or reiterated at this point: 

(1) An adiabatic compression from ground contact 
to orifice blowout. 

(2) An adiabatic flow after orifice blowout so as to 
produce a constant internal landing mat pressure. 

Utilizing the volume vs. stroke curve with the 
following equation, pressure vs. stroke is obtained for 
the adiabatic compression process between any two 
points (1 and 2) along the curve. 


P, = P\(V;/ V.)* 
where K = adiabatic process constant, 1.4 for air. 
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Load vs. Stroke 


The product PA at any point is equal to the load at 
that point. 


Integration of the area under the load vs. stroke 
curve yields the total available landing mat energy. 


(Il) Computations for Pressure, Load, and Velocity vs. 
Stroke 


Calculations Prior to Orifice Blowout 


(1) Landing mat volume and area for any stroke are 
obtained from their respective curves in Fig. 3. 


(2) Landing mat pressure Py is computed for any 
stroke S using the adiabatic compression relationship | 
as follows: 


(Po)2 = (Po)s(Vi/ Vo)* | 


where Py) = landing mat pressure, psia; V = landing F 


mat volume, ft.*; and K = adiabatic process constant, t 


1.4 for air. 


(3) Landing mat load F; is computed for any stroke 
S by the formula 


Fr = (Py — 14.7) (144)A 
where Fr = landing mat load, Ibs.; and A = landing F 
mat contact area, ft.*. 


Calculations After Orifice Blowout 


The following trial and error procedure was utilized | 
in determining pressure, load, and velocity as functions 
of stroke. Orifice flow area, orifice blowout pressure, | 
and stroke at blowout pressure were the trial param- 
eters. 


(1) The first step is the determination of assumed | 


adiabatic flow rate per unit flow area. The general 
equation for adiabatic flow is 
q 
5 
2 
BRL... 
w+ 
cote 
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3 | | il | 
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Fig. 6. Load, velocity, and pressure vs. stroke (6,300 Ibs.). 
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Py 1/K 
Bw = CA(144 x 


t 
T,JLR(K — 1) P, 
where 
s C = orifice coefficient, 0.6 
‘ A = orifice flow area, ft.? 
P, = upstream pressure, psia 
M = molecular weight of air, 28.97 lbs. 
T, = air temperature upstream, 519°R. 
g = gravitational constant, 32.2 ft./sec.? 
ire K = adiabatic process exponent, 1.4 
R = universal gas constant, 1,545 
P, = downstream pressure, psia 
ny 
rip | By substituting known values and unit flow area (A = 
1 ft.”), the equation becomes 
7.79 V1 — 
Ibs./sec.ft.2 (1) 
in 
es i Eq. (1) is applicable only where the ratio of down- 
I stream pressure to upstream pressure is greater than 
oke | 0.528 (or P2/P, > 0.528) which is partial flow. When 
, this ratio is less than 0.528 (or P2/P, < 0.528), a full- 
| flow condition exists and the ratio is constant at 0.528. 
i Therefore, for full flow, Eq. (1) becomes 
. w = 2.019P, lbs./sec.ft.? (2) 
ling | 
: Utilizing Eqs. (1) and (2) above for exhaust flow to 
_ atmospheric pressure, the flow rate per unit of flow 
area was plotted against upstream pressure (Fig. 4). 
, al (2) An orifice blowout pressure and stroke are as- 
ize _ sumed compatible with the design criteria. The re- 
es _ quired initial landing mat pressure is determined by 
sure, } 
ram- | P, = P;(V3/V,)* 
imed 
neral P, = initial landing mat pressure, psia 
Ps = orifice blowout pressure, psia 
Vg = landing mat volume at orifice blowout, ft.* 
Vi; = total landing mat volume, ft.’ 


(3) Knowing the missile rate of descent at ground 
contact, the missile velocity at orifice blowout is now 
determined using the following equation (refer to Sec- 
tion III): 


Fig. 7. Landing mat partially compressed. 


w tL 2g 

(4) For this analysis, a realistic time increment At 
was chosen by assuming constant deceleration over the 
total stroke. 

(5) With the data of points (1) through (4) estab- 
lished, the calculations after orifice blowout can be 
made. A step-by-step explanation follows in which 
the subscript 6 denotes that the value is taken at the 
beginning of the time increment, while the subscript 


e denotes that the value is taken at the end of the time 
increment. 


9 2 
Ve = + w(S, = S») 
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Pins pete Bn 
| Effective Recovery - 5633 ib 
T Weight 
zo} 
i 
18 10 \ + 
35 ue 8B Stroxe 
° 
Time (sec x 
Internal Mat Pressure 
Z 
t 1 
10 Outer Mat Pressure 
2 
Time (sec x 107°) 
Fig. 8. Landing mat test data, Drop. No. 19. 
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Step 1—With the zero time reference chosen at the 
instant of orifice blowout, the known conditions at 
orifice blowout comprise the following starting data: 


t = time, sec. 

S = stroke, ft. 

P, = mat pressure, psia 

w = air weight = P;V;/RT lbs., based on conditions at 
ground contact, where P; = initial landing mat pres- 
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Fig. 9. Total load vs. stroke, Drop No. 19. 


Fig. 10. Missile descending. 


sure, psia; V; = total landing mat volume, 108 ft.*; 
R = gas constant for air, 53.38; T = air temperature, 
519°R. 

V landing mat volume, ft.* 

A landing mat area, ft.? 

V: missile velocity, ft./sec. 


2 


Step 2—The change in stroke AS is obtained by as- 
suming that the missile velocity at the beginning of 
the time increment is constant for the entire time in- 


crement. Therefore 
AS = V,(At) 
= Sd + AS 


Step 3—From Fig. 3, record V, and A, at S,. 

Step 4—Assume that the landing mat pressure 
(Po)» is increased through an adiabatic compression 
process to a pressure (P;),.. The orifice flow rate is 
based on the arithmetic average of (Po), and (Pi), 


(Pile = (Po)o(Vo/ Ve)* 
P, (average) = [(Po)» + 


Step 5—The flow rate per unit flow area w’ is deter- 
mined from Fig. 4 at the pressure P; (average) and is 
assumed constant for the duration of the time incre- 
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ment. It is now necessary to assume the orifice flow 


area Ao to determine actual flow. The change in air | 


weight Aw is found as follows: 
Aw = (At)(Ao)(w’) 
We = W — Aw 
Step 6—(Po). = wRT/144V.. 


Step 7—Determine the average total force Fy which 
the landing mat will exert on the missile by 


Note: Fr cannot exceed 50,000 lbs. 
Step 8—The accelerating force of gravity was sub- 
tracted for each increment of time. Therefore, to 


determine the change in velocity, the following equa- | 


tion is used: 
Fy — W = (W/g)(AV/At) 
(6) The procedure outlined in points (2) through (5) 


Ve = V, — AVI 


is repeated until the missile velocity is zero at full | 


stroke, with the total force never exceeding 50,000 Ibs. 
Fig. 5 is a plot of a nominal landing load. 


(II) Determination of Descent Velocity at Orifice 
Blowout 


The total energy of the descending missile at the 
instant of ground contact, designated point 1, is a 
combination of kinetic and potential energies. 
total energy at the instant of orifice blowout is repre- 


This | 


sented by kinetic and potential energies plus the | 


energy of work done by the descending missile in com- 
pressing the air in the landing mat Q. It follows that 


(KE), + (PE) = (KE), + (PE)2 + Q 


The energy required to compress the air is assumed | 


to be that of adiabatic work. With reference to Sketch 
B, the total area under the curve as determined by 
integration consists of the energy available for com- 
pression (upper portion) plus the unavailable energy 
(lower portion) due to the effect of atmospheric pressure. 
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ow | The total energy under the curve is expressed as 
air | follows: 
V2 Ve 
E= PdV = Cm*.| 
Vi Vi 
E = ((PiVi) — (P2V2))/(K — 1) 
Since the unavailable energy is represented in the 
ich sketch by a rectangular area, it is expressed as U = 
P(Vi — V2). 


Therefore, the work of compression becomes 
Q = — — 1)} — Pa(Vi — V2) 


Kinetic energy is determined by 


Fig. 11. Missile recovered. 


ub- 
KE = (1/2)(W/g)V? 
jua- _—S- Potential energy is determined by PE = WS 
Substituting, the total energy equation becomes 
AV 
1W — PoV: 
(5) Vii+ WS = + WS, — P,(V; — V2) 
2 g 2 g K-1 
full } 
Ibs. Solving this equation for the descent velocity v at orifice blowout, 
V2 V;? + W(S; Se) + PAV; V2) 
the | where 
v% = rate of descent of recovered missile, fps 
This | t, = descent speed at orifice blowout, fps All pertinent data were recorded on an oscillograph 
2pre- W = effective landing mat recovery weight, lbs. and analyzed. 
the | Si = landing mat stroke at ground contact, ft. Drop test No. 19 (Fig. 8) shows the worst missile 
com- stroke at ft. recovery anticipated to be within the stroke limitations 
that | P, of the mat and within the maximum missile design 
2 = landing mat pressure at orifice blowout, psia pe i : 
V; = landing mat volume at ground contact, ft.* load limit. Fig. 9 shows that the landing mat has an 
V2 = landing mat volume at orifice blowout, ft.’ efficiency of 53 per cent for this worst condition. 
imed P,= atmospheric pressure, psia A recovery flight-test program followed. Fig. 10 
<etch constant, ft./ shows the missile descending with the landing mats 
d by fully inflated. Fig. 11 shows the undamaged missile 
com- After the configuration of the landing mat was successfully recovered. 
nergy established mathematically, engineering information The demonstrated reliability of the landing mats, 
ssure. was released for the purchase of experimental mats for parachute system, and automatic programing equip- 
test purposes. Drop tests (Fig. 7) were then per- ment unchanged for the last five consecutive preproduc- 
formed whereby rate of descent and various missile tion flights concluded the development of the Mace 
weights to be recovered were accurately simulated. Recovery Kit, now in production for the U.S. Air Force. 
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tend to pyrolyze or to react directly with the atmosphere, 


and the reaction products are ejected into the boundary layer. 


Analysis of the surface reactions is essentially a problem in chemistry, 
the effect of the reaction products on the boundary layer (mass transfer effect), a problem in fluid dynamics. 
Whenever the chemical nature of the surface reaction can be established, 
these chemical considerations can be included in sludies of the aerodynamic heating of missiles. 


Under particularly severe aerodynamic heating, exlernal missile surfaces 


Aerodynamically Heated Surfaces—s chemical analysis 


Howard Myers 


Douglas Aircraft Company, Inc. 


I. MANY DESIGN considerations it is no 
longer feasible to attempt to solve aerodynamic heating 
problems with the use of materials that are impervious 
to high heat fluxes. On the contrary, optimal design 
often results from exploiting the tendency of many ma- 
terials to break down under severe heating. By select- 
ing materialswhich decompose under severe heating and, 
in the process, absorb a large quantity of heat, it is 
possible to dissipate much of the aerodynamic heating 
along the external surfaces of the vehicle. This heat- 
absorbing process may be a change of state such as 
melting or sublimation, or a chemical reaction such as 
the depolymerization of a plastic. Furthermore, there 
is a second cooling effect available from a decomposing 
material, in addition to the direct absorption of heat. 
When the products of decomposition are ejected into 
the boundary layer, they tend to interfere with bound- 
ary-layer heat transfer. This effect is known as mass 
transfer cooling. At sufficiently high Mach Numbers, 
heat transfer from the boundary layer is reduced by 50 
per cent or more. Materials which provide thermal 
protection through a combination of decomposition 
and mass transfer are now becoming known as ablating 
materials. Ablating materials have already demon- 
strated great effectiveness in re-entry body design and 
have many applications in the design of antimissile 
missiles, satellites, and space vehicles. 

This paper presents a detailed analysis of the chem- 
ical behavior of ablative missile surfaces, including both 
decomposition reactions and mass transfer. In many 
important cases the two processes can be analyzed inde- 
pendently; this is particularly true when the process of 
surface decomposition is clean-cut and well understood 
chemically, as it is in the case of plastics such as 
Teflon.* In the remainder of the paper, the chemical 


* Teflon is the E. I. du Pont de Nemours and Company regis- 
tered trademark for tetrafluoroethylene plastic. 
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Symbols 


Variables and Parameters 


A 
Cy 


Subscripts 


BL 


kinetic frequency factor 
Stanton Number 

activation energy 

solar radiation heat flux rate 
kinetic specific rate constant 
mass 

Mach Number at the edge of the boundary layer 
heat of decomposition 

effective heat of ablation 
molar gas constant 
temperature 

molar heat of depolymerization 
lamina thickness 

specific heat at constant pressure 
heat-transfer coefficient 
thermal conductivity 

heat flux rate 

recovery factor 

time 

surface regression rate 
absorptivity 

ratio of specific heats 

density 

Stephan-Boltzmann constant 
mass flow rate 


condition in the boundary layer 

net condition 

total condition 

condition at the outer wall 

condition of an interior lamina 

initial condition 

condition of the ablating material 
condition at outer edge of boundary layer 
condition of the outermost lamina 
condition of the second lamina 
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properties of Teflon are used to illustrate the scheme of 
analysis. However, the method of analysis is not re- 
stricted to Teflon, but is applicable to any surface 
material for which the reaction kinetics of decomposi- 
tion have been established. 


Chemistry of Teflon Decomposition 


Teflon is a plastic material prepared by polymerizing 
tetrafluoroethylene, the monomer. The plastic con- 
sists of fluoroethylene chains, each about 10° molecular 
units long. When Teflon is heated in air above 700°F., 
the plastic does not char or burn, but decomposes with 
the evolution of gaseous tetrafluoroethylene. De- 
composition is initiated when breaks occur in the long 
polymer chains. Once a chain breaks, it quickly un- 
ravels until only molecules of the monomer are left. 

The chemical behavior of Teflon at elevated tempera- 
tures has been extensively studied!~ especially at E. I. 
du Pont de Nemours and Company and the National 
Bureau of Standards. From a chemical viewpoint the 
decomposition of Teflon is remarkably clean-cut, with 
only one reaction product—tetrafluoroethylene—being 
formed. The simplicity of the Teflon decomposition 
reaction permits an accurate determination of the rate 
of Teflon decomposition. Madorsky? has measured the 
Teflon decomposition rate by two different techniques. 
In one set of experiments, samples of Teflon were 
heated in an evacuated vessel at a constant tempera- 
ture, and the rate of the mass loss of Teflon was deter- 
mined by means of a spring balance incorporated into 
the apparatus. In other experiments, the decomposi- 
tion rate was determined by following the pressure of 
the gaseous pyrolysis products. The two sets of experi- 
ments agreed closely and established that Teflon decom- 
position follows first-order reaction kinetics—that is, 


— (dM/dt)p = KM (1) 


where M is the instantaneous Teflon mass, and K is a 


constant at any given temperature 7. Madorsky also 
found that, as a function of temperature, the reaction 
constant for Teflon can be expressed as 


(2) 


The terms A and E/R are constants; Madorsky’s 
values are given in Table 1. More recently, Siegle and 
Muus® redetermined the Teflon decomposition rate and 
confirmed Madorsky’s results. A comparison of the 
results is presented in Table 1 and Fig. 1. Comparing 
the experimental conditions of the two determinations, 
we find that the atmospheric pressure was varied over 
five orders of magnitude; but, at a given temperature, 
the Teflon decomposition rate was identical, except in a 
closed system at pressures approaching one atmosphere. 
Furthermore, the thickness of Teflon was increased 
from 0.001 to 0.51 in. without influencing the decom- 
position rate. This last fact indicates that the rate is 
truly first-order and not controlled by the rate of dif- 
fusion of the decomposition product from the interior 
of the sample. 

The heat of depolymerization of Teflon, AH, at 
298°K. is taken to be 41,050 cal./mole.? This value 
was obtained by a careful evaluation of best data on: 

(1) The heat of combustion of polytetrafluoroethylene 
to CO, and CF,, 118,800 cal./mole.* 

(2) The heat of formation of CF., 217,600 cal./ 
mole.—!! 

(3) The heat of formation of C:F,, 151,800 cal./mole.* 

(4) The heat of formation of COs, 94,052 cal./mole.'? 
The change in the heat of depolymerization with tem- 


Table 1. 

Investigator E/R,. °K. A, 
Madorsky 40.5 X 108 4.7 1038 
Siegle and Muus 41.8 X 103 3.0 X 109 

10 

\ 

1 A 
600°C 
SIEGLE AND MUUS 
10" A=3x10" 

MADORSKY 4 

7 A=47 x 1018 

E=80.5 

wn 

102 570° 

560° 

\ 

540° 

\ 

10-4 
1075 
450° 
1076 
Vt 
Fig. 1. Rate of Teflon decomposition. 
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Fig. 2. Effect of heat flux rate on the heat of decomposition of Teflon. 


perature can be determined from the differences in the 
heat capacity of the polymer and monomer and is 


AH = 41,050 — 3.5 (T — 298) (3) 


when the temperature is given in °K. The variation 
in the heat of depolymerization with heat flux rate is 
illustrated in Fig. 2. The relation between heat flux 
rate and temperature is discussed below. 


Application to Missile Thermal Protection 


Decomposing Surfaces 


Heat-transfer analyses at the Douglas Missiles and 
Space Systems Engineering Department are performed 
by means of a general missile heating program coded 
for the IBM 704 electronic computer. In this program, 
heat transfer to a point on the missile skin is deter- 
mined at a given point in the trajectory by (1) calcula- 
tion of the local thermodynamic properties of the air at 
the outer edge of the boundary layer, (2) calculation of 
heat-transfer rate across the boundary layer, and (3) 
calculation of the temperature distribution within the 
missile skin. The thermal gradients within the skin, 
which may be a composite of several materials, are 
determined by dividing the skin into an appropriate 
number of laminas. 

The effect of a decomposing Teflon surface on missile 
skin temperatures was assessed as follows: the net 
heat transfer to the skin is given by 


Qr = hce(T ar — Tw) + 
aG — (4) 
where 
Tex = Ts{1 + [(y — (5) 


When the Teflon surface reaches the temperature at 
which the rate of decomposition becomes significant 
compared to the rate of heat transfer to the surface, a 
considerable portion of the heat absorbed at the surface 
will go into decomposing the Teflon instead of further 
raising its surface temperature. To handle this situa- 
tion, the computer program was revised to include an 
additional transfer term for the heat absorbed by 
decomposition. This term included the rate expression 


— (dM/dt)p = (6) 
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and the program requires the determination of explicit F 
values of T in order to obtain the necessary heat bal- | 


ance. 


The results, when an analysis of a decomposing 


Teflon surface was made for the case of an antimissile 
missile trajectory, are presented in Fig. 3. The reduc- 
tion in the maximum temperature of the steel, when 
coated with Teflon, is remarkable. Results such as 
these have stimulated the design of exterior missile struc- 
tures out of aluminum or magnesium with a coating of a 
suitable plastic rather than exotic, high-temperature 
alloys, particularly in the case of transient applications. 

A significant result of the calculations is the effect of 
the exponential character of the rate law on the value of 
the Teflon surface temperature: the surface tempera- 
ture rises to about 1,100°F. and remains essentially 
constant—that is, the rate of Teflon decomposition is 
determined by the heat-transfer rate to the surface, and 
a steep increase in heat transfer can be accommodated 
by the commensurate increase in heat absorption with 
only a slight increase in surface temperature. 

In routine design studies, it is convenient to replace 
the exact expression of Eq. (6) by a simplified approxi- 
mation. The exponential rate law is replaced in the 
computer program by the requirement that the tem- 
perature of the outermost lamina does not increase 
above 1,100°F. During each computing time interval, 
the temperature 7, of the outer lamina is computed 
from the energy balance: 


(pcpb), (dT;/dt) = h, (Ter — Tw) + 
aG — w — (k/b) (T; — T2) (7) 


Whenever 7}, as computed from Eq. (7), exceeds 
1,100° F., 7; is set equal to 1,100°F., and the amount of 
heat absorbed in decomposition by the lamina in each 
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Fig. 3. Effect of a 0.2-in. Teflon coating on the surface tem- 
perature of 0.1-in. steel skin. 
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time interval is calculated from the term pc,b(T, — 
1,100). When the sum of these terms for successive time 
intervals equals the heat per unit area required to de- 
compose the lamina, the lamina is considered to have dis- 
integrated. The assumption that there is a unique 
temperature of decomposition for Teflon does not intro- 
duce a significant error into calculations of thermal 
protection. Although the heat flux rate determines the 
surface temperature of the Teflon, the temperature has 
only a small effect on the heat of decomposition. 
Therefore, as can be seen in Fig. 2, a variance in the 
heat flux over seven orders of magnitude produces 
only a 7 per cent change in the heat of decomposition. 
Therefore, a heat of decomposition of 660 B.t.u./Ib. 
corresponding to 1,100°F. may be considered a represen 
tative value for all heat flux rates. At higher heat 
fluxes, the decline in the heat of decomposition with 
temperature is greatly offset by the effect of mass 
transfer. The mass transfer effect is discussed in the 
next section. 

Two assumptions implicit in applying the Teflon 
pyrolysis rate law to the missile situation require fur- 
ther comment: the question of the reversibility of the 
Teflon decomposition reaction and the possibility of the 
oxidation of the products of decomposition in the 
boundary layer. 

In addition to pyrolyzing Teflon under a vacuum, 
Siegle and Muus degraded Teflon under various atmos- 
pheres, including pure tetrafluorethylene, Teflon py- 
rolysis products, air, and oxygen. In every case, a 
total pressure of 35 mm. was maintained. Under these 
conditions, the weight loss of the Teflon was less than 
in a vacuum, and the composition of the gaseous 
products differed significantly from that in vacuum 
pyrolysis. However, the overall rate of Teflon decom- 
position was still first order and independent of the 
particular atmosphere over the Teflon sample. In all 
experiments except those in vacuum, a white sublimate 
of low molecular weight was observed within the appara- 
tus. The sublimate was found to be a white waxy mix- 
ture of fluorocarbons which melted around 480°F. and 
boiled above 575°F. without decomposition. The 
average chain length was 40-60 CF; units. The slower 
rate of pyrolysis in a closed system reflects a diminished 
rate of depropagation of the polymer chains due to the 
presence of the monomer. The sublimate apparently is 
formed by the recombination of fluorocarbon radicals 
prevented from depropagation by the presence of the 
monomer. The sublimate is formed initially in the 
polymer and causes a sharp reduction in melt viscosity. 
On the other hand, examination of Teflon surfaces that 
have been subjected to severe aerodynamic heating 
reveals no evidence for the formation of a Teflon-like 
sublimate. Therefore, in the analysis, the effect of 
atmosphere on the rate of decomposition has been dis- 
regarded, supported by the argument that the boundary 
layer continually sweeps the reaction products away 
from the Teflon surface, making the reverse, poly- 
merization reaction improbable. 

Similarly, the possibility of the oxidation of CsF,, say 


REYNOLDS NUMBER 
\ BASED ON RUNNING LENGTI 
0.6 
0.2 


0 2 4 6 10 12 


8 
(pu) 8 Cu, 
Fig. 4. Effect of CoF, injection on skin friction for a turbulent 
boundary layer. 


to CO, and CF, in the boundary layer has been dis- 
regarded. Unfortunately, the rate of oxidation of 
C.F, has never been studied so a chemical kinetic analy- 
sis of the behavior of Teflon decomposition products in 
the boundary layer cannot be performed, and again an 
appeal to the experimental evidence must be made. 
C.F, burns with a blue flame, and no such burning is 
observed in color films of Teflon models being decom- 
posed by a supersonic blast of hot air at 4,000°F. 


Mass Transfer 


A scheme originally proposed as an alternative of 
ablation cooling is that of reducing the heat transfer 
from the boundary layer by blowing gaseous substances 
from missile surfaces into the boundary layer. The- 
oretical investigations by Rubesin!* and van Driest' 
have indicated that a significant reduction in heat 
transfer can be obtained from moderate mass flow rates. 
Experimental work at the Langley Research Center of 
the NASA and at other research facilities has tended to 
confirm the promise of mass transfer cooling. 

Since Teflon decomposes with the evolution of gase- 
ous tetrafluoroethylene, the possibility of Teflon mass 
transfer was investigated. The analysis of the Teflon 
case is based on Rubesin’s analysis with one important 
extension. In the original formulation, the coolant gas 
injection rate is considered as an arbitrary parameter, 
independent of the heat flux rate. In the case of the 
aerodynamic decomposition of Teflon, the mass flow 
rate of tetrafluoroethylene into the boundary layer is 
governed by the rate of heating of the Teflon surface. 
In addition, the equations were adjusted for an injectant 
molecular weight of 100, the molecular weight of tetra- 
fluoroethylene.* 

For the case of a Teflon surface, the mass transfer 
cooling effect is analyzed as follows: The degree of mass 
transfer cooling available from Teflon is directly propor- 
tional to the rate of energy absorption in Teflon decom- 
position; therefore, it is necessary to separate the in- 
coming heat absorbed at the Teflon surface into the heat 
absorbed in decomposition, Q, and the heat absorbed in 
raising the temperature of the Teflon coating, 
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Fig. 5. Effective heat of ablation of Teflon. 


At significant heat flux rates, the ratio of heat absorbed 
in decomposition to total heat input is 


T 
oot f car) (8) 
The rate of energy absorption is given by 
T 
= GrO/Q+ (9) 
and the mass flow rate from the Teflon surface is 
(p?) wGr/Q (10) 
Therefore, [(0v)w/(pv)5|/Cu,, the abscissa in Fig. 4, is 
given as 
T 
pv 
=> (o+f c,d1 ) (11) 
(pv) 5 To 


Therefore, evaluation of the right-hand side of Eq. (11) 
gives the corresponding value of [(pv) w/(pv)5|/Cy, and 
the reduction of heat transfer is obtained from Fig. 4. 
This analytical procedure has now been added as a sub- 
routine to the IBM missile heating program. 

The process of mass transfer makes a remarkable 
contribution to the overall thermal protection available 
from ablating substances. The significance of this 
contribution can best be demonstrated through the 
concept of the effective heat of ablation. The effective 
heat of ablation, Q*, is defined as 


T 
= (0 + ) (Cu,/Cu) (12) 


and represents a summation of the total heat required 
to decompose the material and an effective heat corre- 
sponding tothe reduction in heat transfer due tothe mass 
transfer process. For the case of Teflon, the effective 
heat of ablation is illustrated in Fig. 5, where 325 B.t.u./ 
Ib. are required to raise the temperature 1,100°F. and 
660 B.t.u./Ib. are absorbed in decomposition. 

By a suitable use of the relations developed in the 
preceding paragraph, Eq. (12) can be rewritten in 
terms of experimental parameters: 


Q* 7 (pv) Gr,/ (13) 


The experimental determination of Q* consists of first 
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measuring the heat transfer g7, to a nonablating calorim- 
eter and then measuring the rate of surface regression 


x, of an ablating material under the same conditions. E 
Since Eqs. (12) and (13) are identical, it is therefore | 
possible to compare analytical and experimental esti- | 


mates of Q* directly. 


Conclusions 


The analysis of ablating missile surfaces presented in 
this paper provides a basis for incorporating ablative 
cooling into missile design studies. For the case of 
Teflon, the overall theory has been confirmed by experi- 
ments with high-temperature air jets and free-flight test 
vehicles. The data from these test programs tend to 
verify the conclusions well within the uncertainties 
inherent in the various testing devices. 


The design of missile systems to utilize ablative 
materials can be evolved with confidence only when it is 
possible to make realistic estimates of ablative protec- 
tion required. Before the total weight of protective 
material can be calculated, the amount of thermal pro- 
tection available from ablative materials must be 
determined over a wide range of heat flux rates. For 
any given material and trajectory, it is necessary to 
know the heat absorbed in raising the temperature of 
the material to temperatures where decomposition is 
rapid, the heat absorbed in decomposition, and the 
effective heat absorbed in mass transfer. Therefore, 
experimentally determined values of the effective heats 
of ablation, which represent the resultant of these 
processes of heat absorption, have little significance 
without independent estimates of the heat absorbed in 
the individual processes. Indeed, materials which 
seem to offer the greatest protection at the maximum 
heat flux rate of a trajectory do not always provide the 
most effective protection when the entire missile design 
is optimized. 

At the present, the procedure in which one can have 
the most confidence is to make use in missile designs of 
those materials for which the detailed thermal behavior 
has already been firmly established, and at the same 
time to direct the experimental effort in materials re- 
search toward determining the heats and rates of reac- 
tion of promising ablative materials for future design. 
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An application of flight fluller investigational experiences as a guide to the preliminary design and flight lesting 


The presentation is based upon results of the external stores flight flutter 
investigation of the U.S. Navy’s Grumman F11F-1 fighter airplane. 


was performed with instrumentaled test vehicles in a variety of aircraft 
The information here is intended to summarize the salient features 


of relatively large external stores. 


and store configurations. 


The program 


of a wing/store flight flutter evaluation; scope and content of the discussion 
should be useful to the designer, dynamic analyst, and flight-test authority. 


Flight Dynamics of Large External Stores 


Arnold P. Schaffer, AIAS 
Grumman Aircraft Engineering Corporation 


Te TACTICAL capability of high-speed 
military aircraft can be augmented, in many cases, 
by external stores. To the commercial carrier, cargo 
packs or external wing fuel tanks can be an asset in 
supersonic transport operations. However, to the 
dynamicist, external stores are potentially a mechanism 
for transforming the satisfactory damping character- 
istics of a clean wing into a dangerous, neutrally damped 
or unstable system. 

Aircraft whose mission potential and/or performance 
would be enhanced by carrying large external stores 
have been in many instances restricted for various 
reasons: 

(a) Minimum engineering efforts were spent in 
store and attachment design, as well as aircraft com- 
patibility in the early design stages. When the store 
is finally considered, it is of necessity an appendage 
rather than an intrinsic component in the structural 
make-up of the airplane. 

(b) The optimum store location and _ installation 
are often subordinated by other design considerations. 
These perplexing problems may result from the location 
of primary wing structural members, internal wing 
fuel cells, power plants, landing gear, or control systems. 
In military applications, the need for an attachment 
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design that is versatile enough to accept a wide variety 
of stores further complicates the overall design of the 
store station. 

(c) In the design of a large store the aerodynamicist’s 
first concern may be to minimize drag. However, 
to retain a maximum air speed or Mach Number 
capability, proper design treatment includes a struc- 
tural dynamic analysis in conjunction with the aero- 
dynamic configuration study. A store having a 
high aerodynamic limit speed and a flutter speed 
within the airplane’s flight envelope may exhibit aes- 
thetic lines and even attain the design speeds in an 
empty condition, yet tactically or economically the 
store is of little value. 


Prerequisites to Flight Flutter Testing 


The state of flux common in the preliminary phases 
of an airplane design is conducive to unproductive 
initial flutter analysis. Similarly, the results of sub- 
sequent model tests, which are particularly dependent 
upon assumed stiffness and inertial parameters of 
the wing, pylon, attachments and store, are prone to 
inherent uncertainties. A ground vibration survey 
of the full-scale aircraft and store configuration is 
mandatory in order to verify the results of the fore- 
going analyses and tests and, possibly, to bring any 
discrepancies to the engineer’s attention before first 
flight. A final theoretical flutter analysis made prior 
to flying the new store should account for any dis- 
cordance in the preceding studies. 

The proof of a stable store design can be shown only 
after an inclusive flight flutter test program has been 
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Fig. 1. 
(upper) with the alternate, lower inertia 150-gal. tank (lower). 
instrumentation secured to the tanks. 


Comparison of the original F11F-1 150-gal. external fuel tank 
Note test 


completed. The flight-test group, including the pro- 
ject pilot, must be aware of any conditions predicted 
to be critical in the final flutter analysis. It is the 
joint responsibility of the dynamic analysts and the 
flight flutter test engineers to have at the disposal of 
the latter all the information concerning any predicted 
critical mode, including speeds, Mach Numbers, 
identifying characteristics, and nature—i.e., gradual 
deterioration in damping with air speed or abrupt 
crossover—of the impending instability. 


Flight Flutter Testing—A Design Tool 


In addition to verifying the predicted vibratory 
characteristics of the airplane-store combination, a 
flight flutter investigation should expose the innate 
dynamic properties that might not be obvious from 
inspection of analytical, model, and ground shake 
data. The complexity and length of flutter calcula- 
tions combined with the usual priority system in the 
use of high-speed electronic computer facilities often 
make it impractical to solve for all the feasible condi- 
tions a design may experience in flight. Therefore, 
in the current state of the art, a flight flutter test 
program with external stores employing a properly 
instrumented aircraft is not only a proving ground for 
the dynamicist’s predictions but also an infinite degree 
of freedom analog computer capable of delivering 
answers for all conditions ever expected in flight 
operations. Moreover, the full-scale flight flutter 
investigation is as essential a part of the design program 
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Table |. Store Physical Properties 
Weight, I, Length, 
Store Pairs Ibs. slug ft.? ft. 
Initial 150-gal. external tanks 
mpty 322 222.8 eg 
1/2 full 1,292 482.1 ae 
3/4 full 1,782 819.7 
Full 2,262 1,053.2 
Alternate 150-gal. external tanks 
Empty 268 113.6 15 
1/2 full 1,238 255.1 wens 
3/4 full 1,728 495.2 
Full 2,208 621.5 
Sidewinders 310 84.0 9 
Rocket packs 232 9.7 6.33 
MK 83 bombs 1,970 228.0 10 


as the preliminary analytics. The information gained 
from flight flutter testing a particular aircraft-store 
arrangement can be useful in future aircraft designs 
and store configurations. The recent F11F-1 external 
stores test program is a good example of the simul- 
taneous two-pronged probe of flight safety and design 
research. 


F11F-1 External Stores Flight Flutter Program 


The F11F-1 airplane is a swept-wing supersonic, 
single-place, carrier-based fighter powered by a single 
J-65 turbojet engine equipped with an afterburner. 
Two versions have gone into service with the U.S. 
Navy. The major differences between the earlier 
version and the later one were a number of aerodynamic 
and manufacturing modifications designed to improve 
performance. However, both models are capable of 
equivalent air speeds in excess of 800 knots at low 
altitude and Mach Numbers greater than 1.5 at moder- 
ate altitudes. For the purposes of this paper, the 
most important differences between the earlier, or 
First Contract F11F-1’s, and the later, Second Con- 
tract, model are several changes in wing construction, 
originating as weight-saving items. Approximately 
36 Ibs. were eliminated from the main wing panels 
by a change in the skin milling operations. An addi- 
tional 34-lb. saving resulted from a redesign of the 
wing-tip assembly. 

The combat potential of the F11F-1 airplane is to a 
large extent contingent upon the capabilities of its 
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Fig. 2. Wing modal characteristics of the basic full original external- 
(O = Fit. 99,0 = Fit. 101, A = Fit. 102.) 
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four underwing store stations. Therefore, a foremost 
consideration in substantiating the tactical utility 
of the various external store combinations was de- 
termining the largest flutter-free flight envelope. The 
stores investigated included relatively lightweight 
air-to-air missiles, rocket packs, the heavier Mk 
83 1,000-lb. bombs, and two types of 150-gal. drop 
tanks. (Table 1 summarizes the physical properties 
of some of the store configurations tested.) An 
incremental speed build-up program, utilizing pilot- 
induced lateral control motions for exciting the perti- 
nent wing and weapons store modes, substantiated the 
antecedent analytical flutter calculations without 
incident. However, in the flight flutter investigation 
of the higher inertia, fueled drop tanks, a number of 
unusual experiences occurred noteworthy for both 
their dynamic analysis aspects as well as their flight- 
test connotations. 


Initial Tests With 150-Gal. External Tanks 


The original 150-gal. external tank is illustrated in 
Fig. la. This 17-ft., area-ruled store weighed 161 
Ibs. and when empty had a moment of inertia in 
pitch slightly less than that of a 1,000-lb. low drag 
bomb. The aerodynamic cleanliness of the tank’s 
design was demonstrated by high Mach and high air- 
speed flutter checks limited only by safety considera- 
tions—i.e., avoidance of excessive dive angles and 
high load factors required during dive recoveries at low, 
near-ground altitudes. 

During the first flight with full external tanks the 
damping following each test input decreased with 
increasing air speed (as indicated in Fig. 2) until at 
490 knots, neutrally damped oscillations were excited. 
After two additional test flights it was established that 
the instability existed at high and low altitudes and 
was primarily a function of equivalent air speed or 
dynamic pressure. That is, the flutter condition was 
experienced within a narrow air-speed range of 475 
to 500 knots estimated air speed (KEAS) with a Mach 
Number spread from 1.0 to 1.2. 

Measures to improve the damping characteristics 
of the unstable wing torsion-tank pitch mode included a 
number of mechanical, inertial, and aerodynamic modi- 
fications. Attempts to increase the effective stiffness 
of the tank and pylon by preloading connections and 
couplings produced a moderate benefit and resulted 
ina V,of 540 knots. Moving the fueled tank’s center 
of gravity 10 in. forward, by replacing 25 gal. of fuel 
with styrofoam in the aft ends of the tanks, was in- 
effective (Vy of 480 knots). The addition of 5-sq.ft. 
horizontal fins to the tail ends of the tanks increased 
the flutter speed from 475 to 523 knots, besides ful- 
filling their primary function of stabilizing the tank 
during ejection. 

The flutter limitations uncovered during tests of a 
First Contract F11F-1 airplane made it mandatory to 
verify the condition on a Second Contract vehicle— 
1e., an F11F-1 employing the lightened wing construc- 
tion. The initial tests with the lightened main wing 


Fig. 3. Steel pylon-to-wing support strut. 
panels and full drop tanks indicated a 462-knot neutral 
damping speed, as well as several other peculiarities, 
to be discussed shortly. Subsequently, internally 
ballasted wing tips were tested with limited results. 
The weight and inertial statistics of the different com- 
binations of wings and tips flight tested are given in 
Table 2. The 96-lb. wing-tip configuration resulted 
in a 506-knot flutter speed. A steel pylon support 
produced essentially the same improvement as the 
heavy wing tips. An experimental set of tanks em- 
ploying heavier gage sheet metal construction (in- 
creasing the weight of each tank 12 Ibs.) was evaluated ; 
however, no appreciable change in either vibratory 
characteristics or neutral damping speed was discerni- 
ble. The bar chart in Fig. 4 summarizes the respective 
flutter speeds of each modification made to the original 
area-ruled drop tank. 

Each of the foregoing innovations offered some degree 
of improvement; therefore, a composite modification 
consisting of finned, thick-skin shimmed external 
tanks, employing diagonal steel pylon support struts 
in conjunction with 96-lb. steel pylon support struts 
in conjunction with 96-lb. ballasted wing tips was 
evaluated on the Second Contract test vehicle. Al- 
though this configuration yielded the highest neutral 
damping speeds recorded with the full original drop 
tanks, the inherent weight penalties of this fix were 
thought to be a rather severe tactical handicap for 
the overall airplane mission. In addition, tests with 


Table 2. Wing Weight and Pitching Moment of Inertia 


Empty Fuel Full Fuel 
Wing Cells Wing Cells 
Weight, ly Weight, I, 
Design Configuration Ibs. slug ft.? Ibs. slug ft.? 
Ist 
Contract main panels, 
59-lb. tips 1,966 556.1 3,208 739.1 
2nd 
Contract main panels, 
42-lb. tips 1,896 529.8 3,138 712.8 
2nd 
Contract main panels, 
59-lb. tips 1,930 553.0 3,172 736.0 
2nd 
Contract main panels, 
96-Ib. tips 2,004 588.6 3,246 772.4 
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ORIGINAL FULL ISO GALLON 
EXTERNAL TANKS FLUTTER SPEEDS 
CONFIGURATION 


FIRST CONTRACT TEST 
NIUNFINNED TANKS, 59L8. WING TIPS 


2)UNFINNED TANKS, 10° FWD FUEL CG, 59L8 WING TIPS 


SUNFINNED TANKS, PRELOADED CONNEC TIONS, 59.8 
WING TIPS 


4)FINNED TANKS (5SQ FT), 59LB. WING TIPS 


SECOND CONTRACT TEST VEHICLE 
SOFINNED TANKS, S9L8 WING TIPS 


SIFINNED TANKS,96L8. WING TIPS 


TFINNED TANKS,PYLON SUPPORT STRUTS, 
wing TIPS 


SIFINNED THICK SKIN TANKS,PYLON SUPPORT STRUTS, 
9€ LB. WING TIPS | 


100 200 300 400 $00 600 
EQUIVALENT AIRSPEED-KNOTS 
Fig. 4. Comparison of the neutral damping speeds of various full original 
external-tanks configurations. 


partially full drop tanks intimated that a more efficient 
solution to the problem was on the horizon. 


Partial Fuel Tests With Original External Tanks 


The classical flutter evidenced by the original area- 
ruled external tank when full was supplemented by 
damping problems under more unusual circumstances. 

An investigation of the original external tank’s 
dynamic properties with partial fuel quantities was 
conducted in conjunction with the‘ full tank tests. 
The partially full configurations were flown in hope of 
finding a satisfactory fuel volume that would permit 
flight up to and including maximum attainable speed. 
In both the 1/2- and 3/4-full tank conditions, favorable 
damping resulted in level flight and dive attitude test 
maneuvers to limit speed, approaching S00 KEAS. 
However, in high speed, climb attitude recoveries from 
afterburner dives at equivalent air speeds greater than 
600 knots, very low, unacceptable damping was exhib- 
ited by the provoking wing torsion-tank pitch mode. 
Whether induced intentionally or by an inadvertent 
gust, the oscillation persisted 50-60 knots below the 
onset speed. 

This condition was encountered only while rounding 
out of high-speed dives with partially full drop tanks. 
Although the recoveries in several cases imposed as 
much as 4¢ on the aircraft, immediately before the test 
maneuver the airplane was at a load factor slightly 
in excess of one in the normal plane and decelerating at 
3/10 of a g longitudinally. A review of all pertinent 
information indicated that the airplane was (1) no- 
where near a stall condition and (2) the mass of fuel 
was generally concentrated along the bottom and 
forward part of the tank before and at the time the 
oscillations were induced. 


Effect of Engine Throttling 


Throughout the early phases of the external tank 
flight flutter investigation, damping of sustained oscil- 
lations could be accomplished by reducing power and 
air speed. During the latter tests with the Second 
Contract vehicle it was discovered that abrupt engine 
throttle excited an undamped wing torsion-tank pitch 
mode, whereas without throttling, acceptable damping 
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characteristics were recorded at similar and higher | 


speeds. These throttling peculiarities were observed 
at high and low altitudes from a supersonic Mach 
Number of 1.1 to a low subsonic Mach Number of 
0.6, and as low as 365 KEAS. The characteristics 
were exhibited in both the full and 3/4-full external 
tank configurations, with and without fuel in the in- 
ternal wing tanks. The situation was particularly 
poor since the last means of reducing air speed quickly 
was now, potentially, as dangerous as suddenly de- 
flecting the dive brakes or applying load factor rapidly. 

Study of the phenomenon revealed that the oscil- 
lations, induced by abruptly throttling the engine to 
idle, resulted from inlet spillage. Estimates of the mass 
flow immediately before and after throttling indicated 
that a large portion of the entering airflow was rejected 
by the duct inlets during a short time interval. An 
interesting verification of the condition was made by 
the project test pilot. During a flight when the pre- 
vailing atmospheric conditions were conducive to 
flow visualization about the airplane, the pilot saw 
the flow emanating from the lip of the duct and im- 
pinging as far outboard as the wing fences and probably 
to the external tanks under the wing. Although this 
condition may be looked upon as a forced response, 
it is, nevertheless, purely academic whether a wing is 
lost as a result of classically induced flutter or a duct 
spillage forced excitation. The consequences to the 
air crew are the same. 

Shorter and lower inertia stores including MK 
83, 1,000-Ib., low-drag bombs evidenced satisfactory 
damping after abrupt engine throttle maneuvers. 
For the instability to manifest itself, apparently a long, 
relatively high inertia store must be mounted on the 
inboard pylon. 


Additional Flight Testing 


The flight flutter investigation of the F11F-1 test 
vehicles uncovered several other developments. 

Investigation of a simulated fuel sequencing double 
failure on the Second Contract test airplane—namely, 
malfunctions resulting in full external tanks and 
empty internal wing fuel cells—indicated that neutrally 
damped wing-tank oscillations could be induced at 
lower air speeds than in the normal fuel sequencing 
condition (i.e., full wing cells with any quantity of 
fuel remaining in the external tanks). 

In light of the external tank problems experienced on 
the Second Contract vehicle, the four Sidewinder 


va | ORIGINAL WING DESIGN 


LIGHTENED |WING 


400 450 500 550 600 650 700 7H 
AIRSPEED-KEAS 
Fig. 5. Damping levels of Ist and 2nd Contract wing configurations. 
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Fig. 6. Time history of a neutrally damped test maneuver, and the results of 2g load factor pullout. 


missile configuration, previously flight tested on the 
First Contract flutter testbed, was reinvestigated on 
the lightened wing F11F-1. A comparison of results 
is presented in Fig. 5. The level of damping although 
still satisfactory is generally 1/3 less than that exhibited 
by the heavy wing F11F-1. The satisfactory results 
of throttle-cut maneuvers in this configuration also 
lent credence to the conclusion that long high inertia 
stores at the inboard stations are required for a throt- 
tling-induced oscillatory problem to exist. 

The subject program revealed that the addition of 
comparatively low inertia air-to-air missiles (Side- 
winder) to the outboard pylons produced a beneficial 
effect on both the full tank and the partially full tank 
dive recovery vibratory problems of the original area- 
ruled external tanks. With full external tanks and two 
Sidewinder missiles the flutter speed was approximately 
20 knots higher than the onset of neutral damping 
without the Sidewinders. In the partially full tank 
condition, satisfactory damping was evident up to and 
including maximum effort dives and recoveries, the 
latter at speeds in excess of 640 KEAS. Nevertheless, 
these virtues are of little tactical use—once the missiles 
are expended the pilot may find himself in a potentially 
unstable flight regime. 


A Satisfactory External Tank Configuration 


The postulation that 300 gal. of jet fuel could be 
carried externally without resorting to a speed re- 
striction on the aircraft demanded a more fundamental 
approach. Complicating the task were several other 
intrinsic subtleties, two of which were that (a) the 
F11F-1 was in Fleet service and, therefore, a redesign 
of the wing structure to improve drop tank-speed 
capability would be impractical and (b) any redesign 
of the store station or pylon attachments could not 
interfere with its ability to carry and deliver other 
tactical loads. 


Considering all the possible avenues of solution and 


10 
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their ramifications, an alternate 150-gal. external tank, 
illustrated in Fig. lb, was flight tested. Unlike its 
area-ruled predecessor, the second tank was 2 ft. 
shorter, 27 Ibs. lighter, and—most significant—had 41 
per cent less moment of inertia in pitch and yaw in the 
full condition. The additional drag and resultant 
performance penalty attributed to these tanks were 
far outweighed by their satisfactory vibratory charac- 
teristics. The magnitude of improvement in terms of 
air speed was in excess of 200 knots. This lower inertia 
successor to the area-ruled tank design was also found 
to be free of any throttling-induced difficulties in the 
empty, partially full, and full tank conditions. Once 
again, as in the Flight Basic Configuration Program, 
high-speed flutter checks of the full tanks were limited 
only by the airplane’s thrust, drag, and safety considera- 
tions associated with high-speed, low-altitude dives 
and recoveries. 


Pilot Technique During Neutrally Damped Oscillations 


The most important consideration during the entire 
drop tank flight flutter program was that the type of 
instability encountered was a sustained or neutrally 
damped oscillation rather than a divergent or explosive 
form of flutter. The experienced project test pilot 
was, therefore, able to cope with, and alleviate, any 
situation before it became catastrophic. The neutrally 
damped mode was suppressed by gradually decreasing 
air speed. 

Early in the program it was discovered that high 
load factor abrupt pullouts were ineffective in damping 
a sustained oscillation. On the contrary, the ampli- 
tude was seen to increase after rapidly applying load 
factor (see Fig. 6). Abrupt application of the F11F-1’s 
dive brakes more than tripJed the vibratory amplitude. 
The situation was analogous to the angler with a 
Striper on his line—he wants to boat the catch as 
soon as possible, however, a trifle too much haste and 
the prize is lost. 

In the partial fuel-climb attitude problem, speed 
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reduction was inherently easy to accomplish, provided 
that the dive recovery did not penetrate the nebulous 
600 KEAS boundary by more than 20-25 knots. The 
full tanks’ difficulties were usually experienced in 
diving flight, making speed reduction efforts more 
hazardous—that is, the dive angle of the F11F-1, 
like that of many other supersonic craft, makes it 
exceedingly difficult to perform a diving maneuver 
at a given altitude and air speed without exceeding 
the speed during the roundout of the dive. The duct 
spillage problem associated with the long external 
tanks ruled out rapid engine throttling. 

In order to conduct the flight program safely, 25- 
knot air-speed increments were scheduled for pene- 
trating unexplored regions; when a neutrally damped 
condition was excited, the project pilot simultaneously 
reduced power and eased back the control stick with 
the finesse and dexterity of a combined symphony 
maestro and heart surgeon. 


Conclusions 


The dependence of wing and store stability on iner- 
tial, structural, and aerodynamic variations has been 
emphasized by the F11F-1 150-gal. external tank flight 
flutter program. Recalling the flight experiences, 
the following conclusions are noteworthy : 

(1) Test results from two different 150-gal. external 
tanks indicate that the design having lower pitching and 
yawing moments of inertia exhibited superior vibra- 
tional properties. 

(2) The flutter speed could be affected adversely 
by a 2 per cent wing weight reduction afforded by a 
skin milling operation in the main wing panels; simi- 
larly, weight reductions altering the mass distribution 
of the wing, such as lightening wing tips or emptying 
internal wing tank fuel, can also be detrimental. 

(3) Increasing the wing-to-tank effective stiffness by 
preloading pickup points and sway braces may in- 
crease the flutter speed. However, such methods are 
usually subject to torque variations in actual service 
and place an additional safety-of-flight responsibility 
in the hands of the mechanic. 

(4) The installation of horizontal tail fins to a large 
store not only may stabilize the ejection trajectory 
but also are conducive to vibrational stability. 

(5) Wing-tip ballasting and external support struts 
can raise a flutter speed at the expense of increased 
weight and complexity. 

(6) A simple air speed or Mach Number limitation 
to restrict an airplane from a potential flutter problem 
may be inadequate. Remember, 

(a) Abrupt engine throttling induced sustained 
oscillations of the wing and drop tank at speeds several 
hundred knots lower than the steady or accelerating 
flight flutter conditions. 


(b) Maneuvering conditions have a bearing on the | 


dynamic stability as illustrated by the partially full 
drop tank tests resulting in satisfactory damping up 


to speeds approaching 800 knots, whereas in climbs at © 


600 knots poor damping was evident. 


(7) The effect of other stores such as Sidewinders 
at outboard wing stations was beneficial to both the 
full and partially full drop tank stability problems; how- 
ever, once the outboard weapons are fired, the stability 
bonus is spent. 


(8) Although the excitation of a flutter mode is best 
remedied by reducing air speed, any rapid application 
of normal load factor, abrupt speed brake actuation, or 
immediate engine throttling can aggravate before 
alleviating any vibratory problem. 


(9) Experiencing flutter in a high-speed dive usually 
involves an inadvertent excursion into still higher air 
speed prior to rounding out of the dive; therefore, 
the low-altitude, high dynamic pressure portion of an 
airplane’s flight envelope should be substantiated 
prior to performing high Mach Number dives. The 
test pilot has more potential control over a flutter 
problem at a given air speed, if discovered in straight 
and level flight or a shallow dive at low altitude, than 
he does in a rapid rate of descent dive from high 
altitude. 

The results of the F11F-1 flight flutter investigation 
with external stores have attested to the importance of 
dynamic compatibility between airplane and _ store. 
Foresight and judicious evaluation can produce an 
efficient store configuration and optimum location 
when considered in the initial design of a high-perform- 
ance aircraft. The field of inquiry should include 
for appraisal at least the following: 


(1) The airplane’s basic and secondary missions. 

(2) The structural design of the wing and store re- 
taining devices. 

(3) The inertial parameters inherent in the store’s 
design. 

(4) The flow fields in the vicinity of the prospective 
stores locations within the airplane’s maximum Mach 
Number-altitude range and all expected flight atti- 
tudes. 

When the addition of a store is proposed later than 
the preliminary design phase, such as during flight-test 
status, compromise in store capability is likely to be 
more severe. 

The preceding conclusions relating to the design 
aspects from the dynamic analysis viewpoint, and to 
flight flutter test philosophy of relatively large wing. 
mounted stores on high-speed aircraft, is pertinent to 
future wing-store flutter evaluations both prior to 
and during the flight-test stage. 
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PartI, published in January, outlined “‘the physical and mathematical bases required for 


the solution of optimum trajectory problems on an initial value basis.”’ 
“the development of the more general optimum boost relations 


which treat aerodynamic effects.” 


Part II presents 


Optimum Rocket Trajectories 


Part II—Generalized Boost Analysis 


Daniel O. Dommasch, AFIAS, and Roger L. Barron, AIAS 
DODCO,, Inc. 


P sx I, published in January, discussed 
the application of variational techniques to the solution 
of optimum trajectory problems on an initial value 
basis and presented, as an example, the development of 
the path function relations for a simplified optimum 
boost analysis. 

Part II presents a generalization of the work of the 
first article, as well as the results obtained using digital 
computer techniques for step-by-step integration of the 
optimum equation set, starting from a given set of ini- 
tial conditions. The equations developed—and the 
numerical techniques—have been fully checked out by 
several independent groups, and digital codes are avail- 
able for both the LGP-30 computer and the Datatron 
205 units. A complete performance map describing 
the optimum boost performance of an advanced type 
of vehicle is presented in this part. 

To provide a completely valid analysis, all known in- 
fluences on the trajectory have been considered, includ- 
ing aerodynamic lift and drag, as well as the forces re- 
quired to maintain flight in a great circle plane fixed to 
the rotating earth. The ARDC standard atmosphere 
has been precisely simulated, the effects of gravitic 
potential change are included, and the kinematic equa- 
tions and equations of motion are satisfied precisely 
without any assumptions as to small perturbations. 
The results presented are therefore precise and can be 
duplicated by flight of real systems having the char- 
acteristics shown. 


Equations of Motion 


For purposes of this generalized study, motion of the 
boosted rocket is assumed to take place in an earth great 


The technique described here has been thoroughly checked in 
the course of USAF contract investigations. Our indebtedness 


to Paul J. Belcher of the Aircraft Laboratory, WADC, is hereby 
acknowledged. 


circle plane which rotates along with the earth so that 
navigational reference with ground stations is main- 
tained. The equations for flight in the inertial space 
great circle considered in Part I are obtained by 
simply setting the quantity Q (earth rotative speed with 
respect to a fixed set of stellar axes) equal to zero in the 
equations presented. In any case, the plane of motion 
is identified by the angle ¢ which it makes with the 
north polar axis, and the location within the plane is 
given in terms of the angle @ measured from the trace 
of the ¢-plane on the equatorial plane (with 6 taken as 
positive in the direction of motion of the vehicle) and 
the radial distance of the aircraft from the center of the 
earth, designated hy. 

If x is the direction of the vehicle velocity vector 
(either relative or absolute), z is taken as perpendicular 
to x, within the plane of motion, and y is perpendicular 
to both x and z, then the Eulerian* moving axis equa- 
tions (see reference 26, Part I) define the inertial forces 
F,,, Fy, and F,, which appear in the x, y, and z direc- 
tions for fixed ¢ as 


F,, = —mV, + (sin? ¢ sin y — 
cos? @ cos 6 sin (@ — y)] (1) 
Fy, = —2mQV, cos ¢ sin (@ — y) — 
mQh, sin g@cos@¢@sin@ (2) 
mV, (6 — y) + 2mQV, sin @ + 


| 
[sin* ¢ cos y + cos? ¢ cos 6 cos (8 — 

(3) 

in which m is the vehicle mass, V, its velocity relative 
to an earth having inertial rotation rate 2, and y the 
flight path angle between V, and the local horizontal. 


* These are not to be confused with the Euler necessary condi- 
tions and are in no way related to those conditions. 
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The kinematic angular rate 6 is expressible as 


6 = (V,cos y)/hg (4) 


and we also have the kinematic relation that h, = V, 
sin 

Eqs. (1), (2), and (3) are the generalized inertial 
equations in the navigational earth great circle reference 
system. These are inertial response forces, not applied 
forces, and the introduction of the applied forces of 
weight, lift, thrust, and drag provides the equations of 
motion: 


F,cos a — mV, — D — mg sin y + 
[sin? sin y — cos? ¢@cos@sin (@— = 0 (5) 
F,sin a — mgcosy +L +mV,(6—y) + 
2mQV, sin + [sin? cos y + 
0 (6) 


cos? ¢ cos 6 cos (@ — y)|} 
F, sin 8 — 2mQV, cos ¢ sin (@ — y) — 
sin ¢ cos ¢sin@ = 0 (7) 


Eqs. (5), (6), and (7) apply to the most practical 
boost procedure since they demand flight within a plane 
fixed relative to launching and tracking stations. In 
the equations, F, is taken to represent net developed 
engine thrust at the instantaneous altitude; a denotes 
the vehicle angle of attack (thrust-line inclination with 
respect to trajectory); L and D are total lift and drag 
forces, respectively; while 8 represents vehicle angle of 
sideslip, which (although small) cannot in general be 
zero for the case of 6 = 0. The local gravitic accelera- 
tion g is found from 


= go (R./hg)?* (8) 


where go is the potential at the surface of an assumed 
spherical earth of radius R,. 

Latitude ¢ (measured north from the equator) may 
be found by integrating 


= (6 cos cos ¢)/cos = 6 cos (9) 
and longitude ~ by quadrature of 
— = (6 sin ¢)/cos? ¢ = 6 sin ¢ (10) 


6 and h, are found by integrating the kinematic rela- 
tions for 6 and f,. In Eqs. (9) and (10), y is the in- 
stantaneous heading or azimuth angle, measured clock- 
wise from north. 

Any optimum or arbitrary trajectory of a rocket 
vehicle must satisfy Eqs. (5) and (6), with the addi- 
tional requirement that 6 is found from Eq. (7) for 
flight within the earth great circle. If inertial great 
circle boost should be contemplated, Eq. (7) is elimi- 
nated and (5) and (6) simplified by setting Q = 0 (and 


da 


0G 
siny +] 
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replacing V, and y by absolute quantities V, and vA 
However, launching directly into an inertial great circk 

from a location fixed to the earth cannot generally bh 

considered since it requires the instantaneous attain. 

ment of relative speed equal and opposite to the local 

earth rotational velocity. 


Variational Analysis 


It was shown in Part I that the existence of a@ in 
Eqs. (5) and (6) renders the system pseudoholonomic: 
however, since dual solutions cannot exist in the same 
quadrant, a valid anholonomic solution of this set is 
obtainable both theoretically and numerically. To 
achieve this solution for optimum boost, we first recog. 
nize that a fixed burning time for any rocket vehick 
defines the maximum performance envelope in terms 0 
an integral of the class 


V, sin y dt (11 
1 


which we seek to render stationary (maximize), subject 
to the condition that the balance equations—(5) an 
(6)—1must be satisfied at all times. We note furthe 
that this integral involves boundary conditions on J. 
and y, both initially and finally. 

Introducing the coupled equations—(5) and (6)—in 
the form of an anholonomic subsidiary condition, we 
evidently require a variable Lagrange multiplier \ (se 
Part I). 

In accordance with the developments of Part I, Eq 
(11) is restrained by Eqs. (5) and (6) by introducing the 
term 


F = —F,, — F,cos a + mg sin y + D 


to the variational integrand, with the understandin; 
that sin a is given by Eq. (6) in the form 


sin a = [m/(agS + F.)]{ lg — (V;?/ha)] cos y + 
vV, — Qh, [sin? ¢ cos y + cos? ¢ cos cos (8 — - 
2V,2 sin 


where the term aq5S is introduced by virtue of the cir 
culation theory of lift which requires that L = aqS sit 
a, where a is the slope of the body lift curve. 

Our problem is therefore to maximize the integral 


(V, sin y + AF)dt 
1 


For convenience (V, sin y + AF) is designated as G it 
the further developments. Proceeding as in Part I, we 
find that 


h = (1/m)(0G/OV, — dm) (12 


where 
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and Cp = Cp, + KC,?, while 
da k — 26) — 2Qsing 
ov, COS @ 
(pal, tan «| (14) 


A, = m/(aqS + F,) (15) 


M in the above is Mach Number, given by M = V,/ca, 
in which c, is the local speed of sound; g is dynamic 
pressure, g = pV,"/2; p is local atmosphere density; S 
is the wing or reference area; and C, = a sin a denotes 
lift coefficient of the vehicle. Cp,, K, and a are para- 
site drag coefficient, induced drag factor, and lift-curve 
slope, respectively, and as such are functions of Mach 
Number. (K dependence on C, may generally be 
ignored for these studies.) 

Similarly, after some algebra we obtain the relation 
for ¥ 


Y= [(OG/Oy — X3)/(X2X4)] — Xi/X2 (16) 
for which the several parameters are given by 
0G/Ovy = V,cosy + ry + m(g cosy — + 
A,sin a [(F,/cos a) + 2a°gSK] — Azsin y)} 
(17) 
where \; = ‘‘path shape’’ parameter (a constant multi- 


plier introduced as a perimeter condition to avoid trivial 
solutions for starts at y = 90°) and 


Ag = g — V,?/hy (18) 
Y; = [sin* ¢ cos y + cos? ¢ cos cos (8 — (19) 
= Q*h, [sin? sin y — cos? ¢cos @sin (@ — y)] (20) 
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Fig. 1. Geometric presentation of optimum performance map. 
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Fig. 2. Kinematic presentation of optimum performance map. 


m  gS(a@ + ag/q) + Ay (7: 
X, = t —— h, 
k agS + F, cos a ha Vi(ha/ ha) + 
+ Yo — Agsin y) — 2V,Qsing + 62°h, cos’¢ sin (20 — »} (21) 
D = qS(Cp, + KC,?) (22) 
= + } (23) 
where h = geopotential altitude, h’ = dh/dh, 
X2 = AiV,/cosa (24) 
gS(@ + ag/q) + | F, 
xX A;| —— + 2a’gSK |— (25) 
26 
4s = ARV, sin tude and which integrates the equation set, including 
0G/dy = A;[(F./cos a) + 2a°qSK] (27) the kinematic equations and equations of motion, on a 
= [(0G/2})/tan a] + [4sF,/(cos a cot a)] (28) step-by-step basis from specified initial conditions for 


Eqs. (12) through (28) define the variational opti- 
mum path function. These may be employed in an 
appropriate digital computer program which also in- 
corporates data handling provisions for the various 
vehicle parameters as functions of time, speed, and alti- 


any given initial value of 2. 
The kinematic equations utilized for solution on a 


first and second derivative level are 
h, = V,sin y (29) 
ha = V,sin y + cos y (30) 
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6 = V,cos y/hg (31) 
6 = 6[(V,/V;) — (¥ tan — (ha/ha)] (32) 
The equations of motion provide 
V,= Y2+ [(1/m)(F.cosa —D)]—gsiny (33) 
sin a = A;(A2cos y + yV, — 2V,Qsin¢@ — Yi) (34) 


As mentioned in Part I, m and F, are specified design 
values, and computational accuracy is improved by 
using the time derivative of Eq. (33) when Taylor 
series integration is employed. 

In our computations a program precisely simulating 
the ARDC standard atmosphere was employed based 
on the data presented in AFCRC TN-56-204. Since 
numerous such programs are available throughout the 
industry, the equations used need not be presented 
here. 


Numerical Results 


To provide numerical data for this article, computer 
studies of a hypothetical vehicle have been conducted us- 
ing DODCO’s Dictator programing system in conjunc- 
tion with LGP-30 computing machines. This series of 
runs using the optimum rocket trajectory program 
(entitled Deoca) has been given the characteristics of 
the following hypothetical rocket vehicle: 


Initial weight (at sea level), 10,000 Ibs. 
Minimum terminal weight (at sea level), 500 Ibs. 
Maximum burning time, 75.0 sec. 

Sea-level thrust, 39,535.2 Ibs. 

Thrust in vacuum, 48,000.0 Ibs. 

Mass flow rate, 3,936,920.5 slugs/sec. 

Reference area, 8.0 ft.? 

Sea-level specific impulse, 312.12 sec. 


Reasonable Cp,, K, and a values have been postulated 
in addition to the above, and approximately 12 digital 
computer solutions have been obtained for a wide 
spectrum of initial \ values (with the parameter \; = 
0). The following set of launch conditions has been 
selected: 


M = 2.5 

hg = 60,000 ft. (geometric altitude) 
y = 30° 

y = 0(implies a = 10.2819°) 

¢ = 45° 
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y = 
R, = 20,890,874.8 ft. 


The vehicle configuration and launch conditions have 
been tailored to an air-launch mission designed to 
“seed” large regions at the upper reaches of the atmos- 
phere with a high density of foreign particles (such as 
sand, buckshot, etc.). It is assumed that the rocket 
payload includes explosive charges for dispersing the 
foreign material either upon burnout of the missile or 
after a preset coasting period. The data used in the 
study do not represent any specific weapon system but 
are felt to be indicative of present advanced state of the 
art in missile development. The optimum performance 
results obtained here serve as an abbreviated optimum 
operations analysis for a projected defense against semi- 
orbital equipment, including long-range missiles travel- 
ing at great speed and altitude. 

The techniques used in this numerical work have 
been those of optimum-performance ‘‘mapping.”’ Evi- 
dently, for given initial conditions, the trajectory de- 
fined by the optimum equations is dependent on the 
initial value specified for the variable Lagrange multi- 
plier. The implications of this fact are best appreciated 
by reference to Fig. 1, presenting a family of curves for 
geometric altitude hg vs. geographic location @ within 
the earth great circle ¢-plane. (Note in this connec- 
tion that one degree of @ corresponds to approximately 
60 nautical miles along the earth surface.) 

It is clear from Fig. 1 that an infinite subclass of 
optimum-performance terminal conditions may be 
reached by the postulated configuration and that the 
sole parameter which need be altered to produce a 
change in trajectory is the initial } value.* Thus 
curves have been obtained which display either a ter- 
minal ‘‘zoom”’ or a terminal dive behavior, as well as 
paths terminating in a level flight condition (7 = 0). 
Since the payload magnitude may be a quantity at the 
discretion of the analyst, a cross-plot of various mass 
ratios is shown to indicate the terminal conditions which 
may be reached for any specified ratio of final mass (at 
burnout) to initial mass. 

Figs. 1, 2, and 3 provide a complete set of data de- 
scribing the series of runs conducted to provide numer- 
ical data for this article. 


Conclusion 


This paper has presented the mathematical and physi- 
cal concepts which define the optimum trajectories o/ 
high-performance rocket vehicles (boosted within or 
out of the atmosphere and in either the inertial great 
circle or the navigational, earth great circle plane) and 
has described briefly the results of computer studies 
based on a hypothetical (but typical) missile system. 
The results obtained indicate, we feel, the power ant 
scope of optimum methodology when applied to ad- 
vanced dynamic performance problem areas. 


* Note that the shaping parameter ), is set equal to zero fo! 
these studies since no additional restraint is required to avoid the 
trivial optimum of y = 90°. 
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In Part I the high-thrust nuclear system was discussed in the performance of 


the low-thrust electrical propulsion system. Part II also includes 


the Martian mission, while Part II is devoted to 


a review comparison of the high- and low-thrust systems. . 


Manned Nuclear Space Systems 


Part Il—Low-Thrust Nuclear Systems 


R. F. Trapp, M. W. Hunter, AFIAS, and E. B. Konecci 


Douglas Aircraft Company, Inc. 


= REACTORS are certain to 
play a large role in future exploration and exploitation 
of space. Part I of this paper discussed high-thrust 
space systems utilizing nuclear heat sources and a hy- 
drogen working fluid.1 Performance investigations 
indicated that attractive round-trip Martian missions, 
on the order of 1 year in duration, could be accomplished 
with single-stage vehicles at specific impulses J;, 
of 2,000 sec. or at I,,’s of about 1,200 sec. if refueling 
at Mars is possible. A two-stage Martian vehicle was 
sized with I,, = 1,000 sec. and \’ = 0.9 (A’ is the ratio 
of fuel weight to total propulsion system weight). 
The mission involved Earth surface to Martian orbit 
transfer and return with refueling at Mars from three 
tanker vehicles which traveled a lower energy trajec- 
tory. 

Shielding methods and permissible radiological ex- 
posures to acute radiations were discussed, and it was 
noted that total exposures of 12 rem (the new maximum 
permissible yearly dose) are reasonable and yield scatter 
shield weights on the order of 2 per cent of vehicle 
gross weight (25 per cent of the payload weight). 
The direct radiations were attenuated by fuel and eco- 
logical materials. 

This part of the paper will cover low-thrust space 
vehicles and their application to similar Martian mis- 
sions. An attempt is made to outline the areas of 
utilization of the low-thrust vehicle in relation to the 
high-thrust vehicle. 


Missions 


Numerous sources are available in the literature 
discussing low-thrust nuclear space vehicles.2~> These 
sources collect into two general areas on the specific 
weight of the energy source—i.e., 10 Ibs./kw. and 25 Ibs./ 
kw., with few sources supporting lower values. Con- 
sidering the efficiency of the turbine, the generator, 
and the accelerator itself, the area between 10 Ibs./ 
kw. and 25 Ibs./kw. may be assumed to be reasonably 
optimistic since it implies only 1 to 5 lbs./kw. for the 


reactor. The thrust available per pound of energy 
source will be in the range 1-4 X 10~‘lbs./Ib. Vehicle 
accelerations will then be less than 1-4 X 10-4 g 
depending upon velocity requirements and payload. 
Velocity requirements for Martian missions are indi- 
cated in Fig. 1 as a function of total travel time for the 
mission. 

Utilization of low acceleration systems introduces a 
velocity penalty in escape from gravitational fields. 
Fig. 2 indicates the total impulsive velocity requirement 
to escape from a low-altitude circular orbit about 
Earth to various hyperbolic excess velocities. Note 
that this kinematic inefficiency does not exist for large- 
thrust vehicles. The total velocity required for ve- 
hicles with thrust-to-mass ratio on the order of 10~‘ 
g is about twice the requirement for large thrust-to- 
mass systems. 

It is of interest to examine the low-thrust vehicle 
which would accomplish the mission considered in 
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Fig. 1. Mars round trip. Total impulsive velocity required—low 
Earth orbit to low Martian orbit and return to low Earth orbit. (—————— 
high thrust; — — — low thrust.) 
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Fig. 2. Total impulsive velocity escape from circular orbit. 


Part I in the same total travel time. It is first assumed 
that the four boosters used in Part I place a total 
payload of 956,000 Ibs. in low-altitude Earth orbit. 
This payload will be used as the low-thrust vehicle 
initial weight. A total propulsion time of 371 days will 
require 233,000 ft./sec. of impulsive velocity to accom- 
plish the round-trip mission. Assuming that the total 
mission requires 3 years for completion and that a 
nonregenerative ecological system would be used as in 
the high-thrust system, then the payload would increase 
from 55,000 to 85,000 Ibs. The specific weight of the 
energy source required to accomplish this mission is 
about 7.5 lbs./kw. Engine, propellant, structure, 
shielding, and payload weights were considered in this 
determination. 

Higher values of specific weight become useful for 
longer missions. If a low-thrust vehicle is compared 
with the mission of the three large-thrust tanker ve- 
hicles rather than in accomplishment of the entire 
large-thrust mission, the refueling trips can be accom- 
plished over a longer time span, say 1 year. The 
gross weight in orbit for this mission is 717,000 Ibs., 
and it is required that 244,000 lbs. of propellant be 
delivered to Mars. The velocity requirement for this 
mission is about 85,000 ft./sec. impulsive velocity. 
This mission can be accomplished with a specific weight 
of energy source equal to about 20 lbs./kw. Longer 
missions can conceivably be accomplished for supply 
transport to Martian orbit with larger specific weight 
sources. 


Radiological Aspects 


In the high-thrust nuclear system the primary rad.a- 
tion problem for the crew was short-term, acute ex- 
posure, while the low-thrust ionic system involves long- 
term, chronic radiation. The consequences of chronic 
lifetime exposure to radiation are not as clear as those 
from instantaneous or short-term exposure to total body 
radiation. There is evidence, however, that long-term 
damage can be assessed largely in terms of decreased 
life span. Shields Warren® indicates that the longevity 
of American radiologists in comparison to unexposed 
physicians is less by an average of 5.2 years, the 
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average ages of death being 60.5 and 65.7 years, respec- Mi 
tively. 

Available data indicate that sublethal irradiation 
of the whole body causes premature death primarily 
by accelerating the actual biological aging process, 
For the aging effect the fractional reduction in life 
span per roentgen may not be as great for exposure at 
low intensity over long periods of time as compared 
with a single exposure of the same total dose.® In 
general, for given dose rates, the survival time is in- 
versely related to the amount of radiation energy 
absorbed. The amount of life shortening is generally 
more if a given total dose is absorbed in a short period 
of time—i.e., to an acute radiation exposure. As an 
example, workers exposed to the old maximum per. 
missible AEC dose rate of 0.3 r/week (15 r/year) 
would receive a dose of 450 r in 30 years and presum-. 
ably show no visible signs of damage. However, the 
same dose of 450/r received as whole body acute 
radiation would probably be fatal to 50 per cent of the 
exposed persons. 

The statistical life shortening per rem of radiation 
is believed to be about 5 to 10 days. If this is true, 
then the statistical average life shortening probability 
for the new recommended maximum permissible life- 
time exposure of 225 rem would be no greater than 3} 
to 6 years. Langham notes: ‘‘Whereas 225 r of whole- 
body gamma radiation may shorten the average life 
expectancy of a large population by about 3-6 years, it 
cannot be said that the life.of any specific individual 
in the population will be shortened by that amount.’ 

Henshaw" summarizes the effects of near lethal dose 
short duration exposure as follows: (1) there is an 
immediate condition of sickness or shock, (2) the 
degree of illness varies directly with dose, (3) the ill 
ness may be less during the second to fourth or fifth 
days, (4) during the second and third weeks there 1s 
a precipitous fall in fitness which coincides with the 
cascade of tissue necrosis, and (5) during the fourth 
week, recovery commences, which then for certain 
organs (gastrointestinal and hemopoietic which i 
particular are of vital importance) reaches the normal ~ 
range in 2 to 4 months. 

Henshaw states: “In protracted or intermittent 
exposure performance ability changes at different times 
in connection with daily treatment of different amounts 
A shock response is totally absent due to any dramatic 
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Fig. 3. Performance ability after acute irradiation (after P. S. Henshaw! 
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effects at the beginning, but work capacity falls with 
accumulation of the integrated effects. For doses of 
20 r per day, work capacity becomes noticeably reduced 
in 2 to 3 weeks with death occurring as an end result 
at about 2 months. Reduction in work capacity is 
barely noticeable in 3 months for doses of 5 r per day, 
but that it does fall gradually, with death occurring in 
3to4 years. There is no noticeable reduction in work 
capacity for doses of 1 r per day in 3 years’ time.” 
The latter might be compared to a Martian mission by 
ion propulsion. 

The effects of acute and chronic exposure on per- 
formance ability-work capacity are shown in Figs. 3 and 
4, respectively. To obtain these graphs Henshaw 
used a performance scale from 5 downward, based on 
clinical hemotological and histopathological information. 
The descriptive terms that he used to represent dif- 
ferent levels of work capacity or illness are as follows: 


(5) Reserve energy—ability to do a 10-mile march. 

(4) Normal work—ability to perform a regular day’s 
work. 

(3) Lassitude and easy fatigue. 

(2) Illness (sickness, discomfort, anxiety) but capa- 
ble of self-care. 

(1) Illness, but with need of nursing care. 

(0) Death. 


Blair concludes that ‘‘a limit of 200 roentgen for 
emergency exposures for any period up to 30 days will 
not entail acute lethality or significant incapacity.” 
Consequently, life shortening would be as much as 6 
per cent, about 4 years, if man is like the rodent (the 
test specimen) and if the dose is received over a short 
period. If the dose is less than a given amount, possi- 
bly about 100 r on any one day, life shortening will 
be about 2 per cent. However, there are no definite 
data for any species on how small the daily level must 
be to cause the lesser effect.!! 

Observations by Blair on rodents indicate that life 
is shortened about 7 per cent per LD; or by doses 
whose daily components do not exceed 120 r. The 
effect with doses administered in less than a few hours is 
about 3 per cent per 100 rin the 200 to 500 r range and is 
greater with larger doses. This difference is not attrib- 
utable to dose rate per se but to total dose within a 
given time. In the rat 600 r in one day shortened the 
life span some 20 per cent, but given in ten daily doses 
of 60 r, a much smaller effect is obtained. 

Cells are killed or modified by induction of biochemi- 
cal changes and/or mutations (a very specific kind of 
biochemical change) following irradiation. Life short- 
ening is probably produced by the same means since 
biochemical and mutational changes appear to be the 
main means by which radiobiologic changes are induced. 
Mutational changes are the most likely radiobiologic 
change that provides a line between irradiation and 
premature death which occurs months or years later. 
This theory provides a plausible basis for explaining 
radiation life shortening and, at the same time, what is 
identified as a third type of erosive action. Radiation 
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produces mutations in proliferating cells, but certain 
of the induced types are sublethal. Therefore, these 
are able to continue with proliferation. Most of the 
mutations that persist are of the deleterious type in- 
volving reduced cellular efficiency and leading to re- 
duced organ and organism efficiency. There then exists 
a means not only for the persistence of irradiation effects 
throughout life but also for degenerative changes to 
lead to earlier times of death. The net effect over time 
is a gradual tissue reduced efficiency. Death is the 
natural consequence when tissue transformation reaches 
a point of organ failure in a vital part.!° 

Besides the decreased life expectancy some of the 
chronic radiation (delayed) effects include cataract of 
the lens of the eye, platic anemia, increased incidence of 
malignant disease (i.e., leukemia) and increased inci- 
dence of genetic changes.* Therefore, it is considered 
wise to limit the dose to AEC tolerance levels in the 
low-thrust calculations, as was done for the high- 
thrust system in Part I.! 


Radiation Environment and Shielding 


Part I of this paper discusses the radiation environ- 
ment from reactor radiations as do some previous 
works.''? On the order of 0.6 per cent of the reactor 
power leaks out in the form of the radiation environ- 
ment. It is to be expected that similar radiation 
leakages will be encountered on nuclear electric systems 
as the reactors will be designed as fast reactors with 
maximum power density. The radiation environment 
will primarily involve high energy neutrons and gamma 
radiation. 

Radiation environment from the Van Allen belts is 
somewhat different in that the dose rates are from high 
energy protons. Transit through the inner belt may 
yield a dose of 2-10 rem. The high energy particles 
may be stopped by material also used for structure or 
sustenance. In determining the radiation environ- 
ment in detail, shield estimates will have to be examined 
in light of secondary radiations. Since unshielded 
radiation intensities in the inner belt may be as high 
as 100 rem/hour man will most certainly require shield- 
ing while performing extravehicular functions. The 
outer Van Allen belt exhibits an equally dangerous un- 
shielded environment from electron fluxes; these 
radiations are removed, however, by modest shields. 

The solar flares and corpuscular streams are the least 
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Fig. 5. Shielded reactor dose rate at 5 ff. LiH + U2% shield material. 


understood and perhaps the most dangerous of the 
space radiations. It was only recently recognized that 
solar-emitted radiation bursts and corpuscular streams 
may cause intense radiations of very high energy par- 
ticles. These radiations may cause biological and 
shielding problems in both the high- and low-thrust 
nuclear vehicle space flights. 

Solar flares are probably the most dangerous to man. 
The emission of energetic protons during a flare could 
result in dose rates as high as 1,000 roentgen per hour 
in outer space (above 14 Earth radii). The particules 
are believed to be in the hundreds of Mev range, oc- 
curring without warning and in no particular pattern 
that can be determined at this state of our knowledge. 
In the corpuscular streams the dose rate may be higher 
than the flares, but the energies are lower. Shielding 
against the streams should be much simpler than against 
the flares. Streams are preceded by the more dan- 
gerous flare so that detection and protection against 
the flare will give warning against the possible arrival 
of a stream. 

Usually, the flare activity follows very closely the 
sunspot activity. However, there have been many 
solar bursts of intense radiation which have occurred 
during minimum sunspot activity. Although some 
correlation exists between sunspot activity and solar 
flare frequency, no definite theory can be postulated 
until satellites have explored the flare phenomena during 
minimum sunspot numbers—i.e., approximately 5 
years away. 

In Part I of this paper, where protection from the 
acute radiations during operation of the reactor and 
from the shutdown reactor was discussed, a fixed shield 
was maintained about the crew well which could pro- 
vide protection from solar and other space radiations. 
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Ecological materials were used, where economical, | 


to replace shielding. 


In analysis of low-thrust sys. | 
tems utilized from orbit, it is convenient to use only a — 


shadow shield in protection from the reactor radiations | 
as there will be no atmosphere scattering. This will | 
require placing no structure outside the shielded shadow | 


angle. Such structure would scatter some radiation 
toward the crew compartment. Fig. 5 can be used to 


determine the shield requirements for personnel pro- | 


tection given input data of permissible dose rate,” 


reactor thermal power, area over which shield is to 
be applied, and reactor to crew separation distance, 


The included figure is for one thermal megawatt, and 


5 ft. of separation. 


Ecological materials at the crew compartment will, 


naturally provide some additional shielding, but a 


pure shadow shield at the crew compartment would’ 
be large in area and therefore heavy. The required) 


shadow angle must, again, enclose such items as the 
thermal radiator. If crew members are to venture 
outside the space vehicle at any time while in transit, 


the shadow shield at the reactor offers the greatest) 


protection. 

While it may be difficult to utilize adequately the 
ecological materials in reactor shielding, they can stil 
perform a secondary function. Protection must be 
supplied for the crew from extreme space radiation 
occurrences such as solar flares. Ecological material 
can again shield a given volume provided for spac 
crew protection under extreme radiologic hazard. 
It is true that these hazardous circumstances are not 
yet well known but available data indicate that shielt. 
ing of the order of 20 Ibs. of sustenance material 
ft.2 of area to be shielded may be adequate. Thi 
would indicate that sustenance for a three man-thre 
year mission, as investigated earlier, might pro 
tect a cylindrical volume with height 23 ft. and diamete 
23 ft. This indicates little limitation upon require 
volume for manned travel. 


Payload Capability 


Part I of this paper had a distribution of the 55,00 
Ib. payload weight of the macronuclear system. Thi 
sustenance material for the three-man crew at 15 lbs. 
man/day for the 421-day Martian mission was 19,(I) 
Ibs. If the microthrust vehicle could perform thi 
same mission, the payload would have to be the samt 
using a nonregenerative ecological system. Since tli 
vital payload would not be required as protecti0 
against the direct radiations from the nuclear react 
in the low thrust system then this material could be us¢ 
to shield the crew from the space radiations. Howeve 
as mentioned earlier, a rapid round-trip mission to Mat 
equivalent to the high-thrust system is not consideré 
feasible within the present or projected state of the ari 
At a highly optimistic 7.5 Ibs./kw. the total missic 
time would require about 3 years. The payload for thi 
system would be 85,000 lbs. This would include a com 
pletely nonregenerative ecological system at about 49,0 
Ibs. It should be pointed out that this ecological requit 
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ment can be significantly reduced by the use of par- 
tially regenerative systems. A recent study describes 
the design of an operational ecological system.!” 
It is possible and desirable to integrate the thermal and 
atmospheric control systems as can be seen in Fig. 6. 

The atmospheric cooling in the crew compartment 
would be accomplished by circulating air through plas- 
tic ducts connected directly to the space cabin struc- 
ture—i.e., the radiator panel. Fig. 6 shows a sketch of 
the system. Humidity control is accomplished by 
condensation of water vapor from the air on the cool, 
40°F., radiator surface. Cool air exhausting from the 
radiator at 50°F. and a relative humidity of 100 per 
cent warms to 70°F. and a relative humidity of 50° 
per cent. To accomplish the collection of water vapor 
condensed on the radiator panels in the subgravity or 
weightless state a mechanical system would be em- 
ployed. First, the water drops are blown by air flow 
to the exit of the radiator panel. This is assuredly 
due to the fact that the radiator panel is covered with 
a material which will not be penetrated by water; 
therefore, the drops stand high and are easily moved by 
the airflow. Second, the water must be taken from 
the main airflow system. This is accomplished by the 
use of a water and air bleed at the sharp bend shown in 
Fig. 6. The sharp bend is necessary to utilize mo- 
mentum effects to collect condensed water vapor which 
may be entrained in the air system. Finally, the water 
and air mixture taken from the bend must be separated. 
A simple centrifugal separator is used in connection 
with a water filter and collected in a rubber storage 
tank to give potable water for use by the crew. By 
this method 2.2 Ibs. of water/man/day are returned to 
the water system by collecting and purifying the res- 
piration and perspiration liberated by the astronauts. 
The remainder of the waste water, primarily urine, 
can be purified to a potable state by the use of a urine 
distillation system which utilizes a centrifugal boiler 
and a similar condenser panel as described for the 
atmosphere cooling system. 

The use of the above-mentioned water recycling 
system would reduce the sustenance requirement from 
15 Ibs./man/day to about 9lbs./man/day. Additional 
water could be saved by the use of a regenerative CO, 
absorber. Present work in progress indicates the 
feasibility of using the structural radiation panel 
concept—i.e., the passive thermodynamic environ- 
mental control where values of emissivity E and 
absorptivity a are determined to attain the desired 
radiator panel temperatures low enough to freeze out 
from the air not only water but also CO». Since it is 
doubtful that the crew could (or would want to) 
exist on nothing but an algal diet, the balanced (com- 
pletely regenerative) ecological system does not ap- 
pear to be attractive. If an algal gas exchanger is 
perfected in the future, it could be used in a partially 
Tegenerative scheme with food at 2 lbs./man/day 
being carried from Earth. This would provide at 
least some sustenance material to be utilized as a 
tadiation shield against solar flares, corpuscular streams, 


SS 

Fig. 6. Temperature environment control system: (1) intake grill, (2) 
electrostatic filter, (3) radiator panel, (4) condensed water bleed, (5) 
centrifugal water-air separator, (6) LiOH bed, (7) glass wool filter, (8) 
recirculation air control, (9) glass wool filter, (10) activated charcoal bed, 
(11) by-pass duct, (12) coburner, (13) flow distzibution control, (14) KO> 


bed, (15) variable speed motor and fan, (16) exit diffuser, (17) flow dis- 
tribution control, (18) bimetal strip for activation of 17, (19) UV light. 


and Van Allen belts. Thealgal system is relatively com- 
plex due to the biological aspects and the problem of 
obtaining high reliability with such a system. It 
must operate continuously for over 3 years which would 
be extremely difficult; whereas, in the partially regenera- 
tive, passive thermodynamic, atmospheric cooling 
and water recycling system mentioned above, the only 
critical component is a heavy-duty, electric fan-motor 
unit. Because of the light weight of this component, 
additional back-up motors could be provided to operate 
a 3-year mission. 

In the mission section it was noted that higher values 
of specific weight became useful for longer low-thrust 
missions and that 244,000 Ibs. of payload could be 
delivered to Mars with a specific weight of energy source 
being equal to 20 Ibs./kw. With this larger payload 
capability and actual longer operating times, it should 
not be too difficult to justify a nonregenerative ecologi- 
cal system since material could be used as a protection 
shield against space radiations. The assumed shield 
weight required for protection against space radiations 
is about 20 lbs./sq.ft. This means that 50,000 Ibs. 
of sustenance should be able to cover 2,500 sq.ft.—i.e., 
a sizable compartment. As was pointed out an ion 
vehicle with a capability of 244,000 Ibs. of payload could 
be used as a logistics carrier primarily to deliver pro- 
pellant to Mars for the high-thrust systems. It is 
not clear at this time that a crew would be required 
on the ionic vehicle during its long flight times since 
crews in high-thrust systems might be able to monitor 
adequately the progress of the low-thrust systems. 


System Comparison 


The foregoing analyses have indicated several of the 
favorable features of both macro- and microthrust 
vehicles. Those features included herein are by no 
means allinclusive; such features as reliability, lifetime 
and reusability of engines have not been discussed. 
Briefly, reliability of an engine is based on the success- 
ful testing time of the engine relative to the operational 
time. For low-thrust engines, good reliability may 
require several hundreds of years of testing time or 
several hundreds of tests, each of about a year’s dura- 
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tion. High-thrust engines may require less than one 
week of total test time in determination of reliability. 
In the case of manned operations to Mars, the shorter 
round-trip times have several advantages. One is the 
increased reliability of the ecological system due to 
the decrease in continuous operating time. The 
decreased flight time also reduces the probability of 
suffering the effects of one or more of the hazards—for 
example, space radiations (Van Allen belts, solar flares, 
corpuscular streams), meteoroidal damage, communi- 
cation and/or navigation equipment failure, boredom. 

Thermal, electrical, and kinematic inefficiencies re- 
quire a low-thrust system to utilize several orders of 
magnitude greater energy than high-thrust systems in 
accomplishing the same mission. This large energy 
requirement leads to the burnup of uranium roughly 
equivalent to the critical mass of anticipated reactors 
for nuclear electric systems while accomplishing only 
one mission. Difficult reactor design problems are 
thus envisioned. However, the large-thrust engines 
will not encounter this design difficulty. It may well 
be that reactors for low-thrust missions will not be 
designed for reusability whereas reactors for large- 
thrust vehicles may find this an attractive, though dif- 
ficult, design feature. 

A possible major disadvantage of the ion vehicle is 
that the whole massive system must be boosted, as- 
sembled, and checked out in orbit. This will require 
the maintenance of a rather extensive and expensive 
orbital space station(s) capability. 

The ability of high-thrust and low-thrust systems 
to perform Martian missions has been investigated 
and it appears the high-thrust systems are quite appli- 
cable to short mission times, whereas the low-thrust 
systems lean toward longer trip times and large pay- 
loads. These preferences indicate that macrothrust 
vehicles may well carry man on missions such as that 
sized in Part I and microthrust vehicles may best be 
used as refueling tankers or supply vehicles on low 
energy transfer of large payloads. These conclusions 
are, in part, based upon the fact that ecologically and 
physiologically man would prefer to spend a minimum 
of time in transit. Shielding does not have a serious 
effect on either system even though low-thrust systems 
require larger total energies. This lack of shielding 
differential lies chiefly in the logarithmic attenuation 
of radiation. 

An often overlooked feature of large-thrust systems 
that lies lurking in the background is the booster capa- 
bility. Each of the missions analyzed here, for ex- 
ample, assumes a nuclear boost. Low-thrust systems 
are, of course, incapable of supplying this boost, and 
chemical systems are the poor performance brother of 
nuclear systems. It is thus anticipated that high- 


+ 


thrust nuclear rockets will be in a position where 
boosting and single-stage missions are essentially in its 
domain and they will be the leading contender in many 
space missions. Low-thrust systems, while they will 
be developed concurrently with the nuclear rocket, can 


expect to serve in attitude stabilization and in the | 


supply of electrical energy to the spaceship—that is, 


from the nuclear electric source—but the interplanetary | 


propulsive role is less clear. The key to the utilization | 
of low-thrust systems is the specific weight of the energy | 
source. With specific weights of less than 20 Ibs. /kw., | 
low-thrust systems enter into competition for unmanned | 
interplanetary cargo missions where short time is not a/ 
prime requirement. With specific weights of less than j 
10 lbs./kw., low-thrust systems enter into the regime of | 
feasible manned interplanetary missions although, at | 
least for transit to the minor planets, mission time re- 7 


quirements are still large. § 
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Acoustics, Sound, Noise 


Structural Acoustic Proof Testing. H. C. 
Schjelderup. (Aircraft Eng., Oct., 1959, pp. 297- 
303.) Noise Control, Nov., 1959, pp. 19-27. 


Aerodync mics, Fluid Mechanics 


Aerothermochemistry, Dissociation, 
Ablation 


Electron Density and Ionization Rate in Ther- 
mally Ionized Gases Produced by Medium 
Strength Shock Waves. Y. Manheimer-Timnat 
and W. Low. J. Fluid Mech., Oct., 1959, pp. 
449-461. 20 refs. Description of a method, 
based onthe measurement of attenuation of 
microwaves, which allows the electron density 
and the ionization rate of shock-heated gases to 
be obtained. 


Sublimation in a Hypersonic Environment. 
S. M. Scala. (G-E MOSD TIS R58SD289, Oct. 
9, 1958.) J. Aero/Space Sci., Jan., 1960, pp. 
1-12. 23 refs. USAF-supported study. 
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An Approximate Method for Calculating the 
Thermal Boundary Layer. L. M. Zysina-Molo- 
zhen. Sov. Phys.-Tech. Phys., Nov., 1959, pp. 
564-570. 13refs. Translation. 


Experimental Evaluation of Heat Transfer with 
Transpiration Cooling in a Turbulent Boundary 
Layer at M = 3.2. E.R. Bartle and B. M. Lea- 
don. J. Aero/Space Sci., Jan., 1960, pp. 78-80. 


On Heat-Transfer in eeeeeene Flows. 
Lucian Dumitrescu. Rev. Méc. Appl., No. 2, 
1959, pp. 237-247. (Also in Stud. Cerc. Mec. 
Aplic., No. 2, 1959, pp. 379-392.) Investigation 
of the heat transfer within bodies moving at high 
velocities through a rarefied gas. The presence of 
a nonuniform temperature field in the body is 
pointed out. 


Turbulent Heat Transfer on Blunt-Nosed Bod- 
ies in Two-Dimensional and General Three- 
Dimensional Hypersonic Flow. Roberto Vaglio- 
Laurin. (Polytech. Inst. Bklyn., Dept. Aero. 
Eng. Appl. Mech. Rep., Sept., 1958.) J. 
Aero/Space Sci., Jan., 1960, pp. 27- 36. 21 refs. 
USAF-supported research. 


Effectiveness of Radiation as a Structural pee 
ing Technique for Hypersonic Vehicles. A. 
Anderson and W. A. Brooks, Jr. (JAS om ‘An- 
nual Meeting, New York, Jan. 26-29, 1959, Rep. 
a? J. Aero/Space Sci., Jan., 1960, pp. 41- 


Boundary Layer 


A Study of the Effect of a Longitudinal Pres- 
sure Gradient on the Development of Bound- 
ary Layer. L. M. Zysina-Molozhen. Sov. 
Phys.-Tech. Phys., Apr., 1959, pp. 401-410. 
Translation. Experimental investigation carried 
out for dU/dx = 0 and for positive and negative 
values of the longitudinal pressure gradient. 
The studies were made with ten different pressure 
patterns along the surface over which the flow 
occurred. 


A Note on Stewartson’s Paper ‘‘On Asymptotic 
Expansions in the Theory of Boundary Layers.’’ 
L. J. Crane. J. Math. & Phys., Oct., 1959, pp. 
172-174. Presentation of alternative approach 
to Stewartson’s problems on boundary layers, 
based on Lighthill’s method for finding uniformly 
valid approximate solutions. The method is 
demonstrated for the problem of a wake at large 
distances from a flat plate. 


On Three-Dimensional mig Hav- 
ing Similar Solutions. M. G. Aero/ 
Space Sci., Jan., 1960, p. 80. cance of the 
properties differing from those of two-dimen- 
sional boundary layers having similar solutions. 


Boundary Layer Stabilization by Distributed 
Damping. M.O. Kramer. J. Aero/Space Sci., 
Jan., 1960, p. 69. Results of tests on a resilient 
energy-absorbing coating under conditions of 
stepwise increased speed and zero pressure 
gradient in all directions. 


Analysis of Further Data on the Effect of Iso- 
lated Roughness on Boundary-Layer Transition 
in Supersonic Flow. D. W. Clutter and A. M. O. 
Smith. J. Aero/Space Sci., Jan., 1960, p. 70. 


Transition from a Turbulent Into a Seminar 
Boundary Layer. A. A. Sergienko and V. 
Gretsov. Sov. Phys.-Dokl., Oct., 1959, pp. ot5, 
276. Translation. Investigation of inverse tran- 
sition from a turbulent into a laminar boundary 
layer for large negative pressure gradients in a 
supersonic nozzle. The boundary layer is studied 
at two points: immediately in front of the nozzle 
and at the outlet end of thenozzle. The veloc- 
ity profile is calculated from the results of meas- 
urements. 


An Experiment on Oscillatory Shock-Wave 
Boundary-Layer Interaction. Wladyslaw Fiszdon 
and Erik Mollé-Christensen. J. Aero/Space Sci., 
Jan., 1960, p. 71. Experimental investigation 
indicating that there is a resonant frequency 
shock-wave boundary-layer interaction. 
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Approximate Method of Computation of the 
Nonstationary Turbulent Boundary Layer in an 


Incompressible Liquid. . Rozin. (Prikl. 
Mat. i Mekh., Nov.-Dec., 1958, pp. 842-847.) 
PMM—ApDpDl. Math. & Mech., No. 6, 1958, pp. 
1208-1216. Translation. 


Skin-Friction Calculation for Turbulent Bound- 
ary Layers in Adverse Pressure Distributions. 
E. M. Uram. J. Aero/Space Sci., Jan., 1960, pp. 
75,76. Development of a method for calculating 
the skin friction, using skin-friction coefficients 
obtained from the law of the wall calculations 
applied to experimental velocity distributions. 

The Effect of Lateral Surface Curvature on the 
Characteristics of Axially-Symmetric Turbulent 
Boundary Layers. A. S. Ginevskii and E. E. 


Solodkin. (Prikl. Mat. i Mekh., Nov.-Dec., 
1958, pp. 819-825.) PMM— Appl. Math. & 
Mech., No. 6, 1958, pp. 1169-1179. Transla- 
tion. 

Control Surfaces 


Caractéristiques Aérodynamiques des Ailerons 
Ayant un Mouvement Oscillatoire Harmonique en 
Régime Supersonique. E. Carafoli and §. 
SAndulescu. (Stud. Cerc. Mec. Aplic., No. 1, 
1959.) Rev. Méc. Appl., No. 2, 1959, pp. 201-— 
227. In French. Determination of the aero- 
dynamic characteristics of harmonically oscil- 
lating ailerons in supersonic flow. 


Flow of Fluids 


Determining Air Reactions on Moving Ve- 
hicles. II1]—Methods of Hydrodynamics. M. 
Z. Krzywoblocki. USAF WADC TR 56-51, 
Pt. IIT, July, 1959. 208 pp. 485 refs. Survey 
and description of methods to calculate the 
forces and moments acting on a body moving 
in a fluid which is at rest or on a body at rest ina 
moving fluid. 


Neustanovivshiesia Ploskie Techeniia Poli- 


tropnogo Gaza s Priamolineinymi Obrazuiu- 
shchimi. A. F. Sidoroy and N. N. Ianenko. MVO 


SSSR VUZ Izv. Matemat., No. 1, 1959, pp. 187- 
198. In Russian. Presentation of an approach 
to the study of unsteady plane flows of polytropic 
gas with rectilinear generatrices. Covered are 
simple waves, conical flows, potential flows, and 
certain vortex flows 


O Nestatsionarnykh Potentsial’nykh Dvizheni- 
iakh Politropnogo Gaza s Vyrozhdennym Godo- 
grafom. A. F. Sidorov. Prikl. Mat.i Mekh., 
Sept.-Oct., 1959, pp. 940-943. In Russian. Pres- 
entation of an approach for studying the un- 
steady potential flow of polytropic gas. 


ey ge of a Pressure Pulse in a Compres- 
sible Flow. Alan Powell. SA J., Nov., 1959, 
pp. 1527-1535. Analysis considering the trans- 
mission and reflection of a sound wave which enters 
a duct of variable cross section. The method 
consists of summing the multiple linear reflection 
of increasing order, the ‘“‘transmission’”’ and ‘‘re- 
flection”’ coefficients then being given in the form 
of power series whose terms depend only on the 
entry and exit Mach Numbers of the mean flow. 
Approximate Solutions for Supersonic Flow 
Over Wedges and Cones. A. G. Hammitt and 
R. A. Murthy. (Princeton U. Dept. Aero. 
Eng. Rep. 449, Apr., 1959.) J. Aero/Space Sci., 
Jan., 1960, pp. 71, 72. USAF-supported re- 
search. 


Priblizhennoe Reshenie Zadachi ob Otryvnom 


Obtekanii Osesimmetrichnogo Tela. S. S. Gri- 
gorian. Prikl. Mat. i Mekh., Sept.-Oct., 1959, 
pp. 951-953. In Russian. Derivation of an 


approximate solution to the problem of flow 
around axisymmetric bodies in the presence of 
separation. 


Reversal Flow Theorem Concerning Oseen’s 
Approximation. Mitutosi Kawaguti. Phys. Soc. 
Japan J., Oct., 1959, pp. 1,431-1,433. Develop- 
ment of simple relations, within the accuracy of 
Oseen’s approximation, between the two-dimen- 
sional flow of a viscous fluid past a cylindrical 
obstacle and the flow past the same obstacle ro- 
tated by an angle x about its axis. 


Nonlinear Conical Flow of . Gas. B. M. 
Bulakh. (Prikl. Mat. i Mekh., Nov.-Dec., 
1958, pp. 781-788.) PMM Appl. Math. & 


Mech., No. 6, 1958, pp. 1109-1140. Translation. 
Presentation of a method for obtaining the second 
approximation in the nonlinear theory of irro- 
tational steady conical flow of gas. A check on 
the accuracy of the method is given for the ex- 
ample of axisymmetric flow over a circular cone. 


The Stability of Viscous Flow Between Rotating 
Concentric Cylinders with a Pressure Gradient 
Acting Around the Cylinders. R. C. Diprima. 
J. Fluid Mech., Oct., 1959, pp. 462-468. 10 refs. 


Flow Past a Profile in a Bounded Supersonic 
Stream. M. D. Khaskind and V. S. Khomenko, 


(Prikl. Mat. i Mekh., Nov.-Dec., 1958, pp. 815- 
818.) PMM—Appl. Math. & Mech., No. 6, 
1958, pp. 1162-1168. Translation. Solution 


based on the use of the Legendre transformation 
by means of which the equations of gas motion 
are transformed into symmetric linear equations. 


Solution to the Flow Abouta 
Flat Plate at Infinite Mach Number. D. 
Chubb. J. Aero/Space Sci., Jan., 1960, p. es. 
Calculations for the region between the shock 
and a plate perpendicular to the flow. 


February 1960 


A Note on the Explosion Solution of Sedov with 3m 
Application to the of 
steady Hypersonic Flow. C. Freeman. 

Acro) Spare Sct, Jan., 1960, | pp. 77, 78. USAR. 
sponsored research. 

The Solution of an Eigenvalue Problem (Rate q : 
of Evaporation and Decomposition of a Droplet 
of an Ozone-Oxygen Mixture) by 
Analogue and Digital Computers. R. i 
Canada, N RC Div. Mech. Eng. Rep. MP-15, Aug, 
1959. 16 pp. 


Ob Ustanovivshemisa Potoke Neszhimaemoj 
Viazkoi Zhidkosti, Dopuskaiushchem Triorto. 
gonal’nuiu Sistemu Poverkhnostei. N. I. Alek. 
seev. MVO SSSR VUZ Izv. Matemat., No. 1 
1959, pp. 3-8. In Russian. Study covering the 
geometric structure of the steady flow of an in- 
compressible viscous liquid. The velocity field 
is assumed such that there exists a family of sur 
faces with one parameter included into the tri- 
orthogonal system, 


Magnetohydrodynamics. A.C.Clinton. Aero 
nautics, Nov., 1959, pp. 20-24. Discussion of the 
basic principles of magnetohydrodynamics, in 
cluding various applications of the phenomenog 
to aeronautics and space research. 


Magnetogasdynamic Flow Regimes. 
Shi Liu and Ali Bulent Cambel. ARS J., Nov, 
1959, pp. 871-873. Evaluation of flow param 
eters for certain simple cases and definition of 
their associated flow regimes. 


Odin Klass Tochnykh Reshenii Uravnenij 
Magnitogazodinamiki. D.V.Sharikadze. Prikl 
Mat. i Mekh., Sept.-Oct., 1959, p. 953. In Rug 
sian. Derivation of a class of exact solutions for 
the equations of magnetogasdynamics. } 

Constant-Temperature Magneto-Gasdynami¢ 
Channel Flow. J. L. Kerrebrock and F. £ 
Marble. J. Aero/Space Sci., Jan., 1960, p. 7% 
Presentation of some simple algebraic solutiong 
for the case of a constant temperature plasma 


O Teplovom Effekte pri Techenii Elektropre 
vodnoi Zhidkosti Mezhdu Parallel’nymi Stem 
kami. S. . Regirer. Prikl. Mat. i Mekhj 
Sept.-Oct., 1959, pp. 948-950. In Russiag 
Study of the flow of a viscous, electrically com 
ducting liquid between parallel walls in th 
presence of a magnetic field and heat transfer. 


Structure of a Magnetohydrodynamic Sho 
Wave ina Partially Ionized Gas. S. B. Pikel’nef 
(Zhurnal Teoret. 1 Exper. Fiz., May, 1959, pp 
1536-1541.) Sov. Phys. - JETP, Nov., 1959, ppl 
1089-1093. Translation. Solution of equationg 
for the transition zone behind a magnetohydra 
dynamic shock wave. Aslong as the wave canig 
considered stationary within the transition zong 
the magnitude of energy dissipation is ind 
pendent of the degree of ionization. 

Stability of a Plane Poiseuille Flow of an Ideal 
Conducting Fluid in a Longitudinal Magnett 
Field. E. P. Velikhov. (Zhurnal Teore. 
Exper. Fiz., Apr., 1959, pp. 1192-1202.) Som 
Phys. - JETP, Oct., 1959, pp. 848-865. Tran 
lation. 

Incompressible Wedge Flows of an Electr 
cally Conducting Viscous Fluid in the Presence off 
Magnetic Field . Yen. Aero/ 
Sci., Jan., 1960, pp. 74, 75. USAF-supported 
analysis of the governing differential equatioal 
and boundary conditions for the two-dimension 
case. 


Summary Report on the Status of Microwsa 
Plasma Physics. D. . Kenneally. US& 
RADC TN 59-200 [AD 217680], Aug., 19% 
29 pp. 105 refs. Survey emphasizing tf 
interaction of microwave signals with plasm 
media. The basic equations are presented int 
form of an electromagnetic-hydrodynamic bouni 
ary value problem with boundary conditions @ 
medium parameters. 

Electromotive Force in a Highly Ionized Plasm 
Moving Across a Magnetic Field. M. Sakuntal 
B. E. Clotfelter, W. B. Edwards, Ne R 
Fowler. J. Appl. Phys., Nov., 1959, pp. 168 
1671. ONR-supported of ose 
graphic probe measurements giving the @ 
speed as a function of position. 


Radiation from a Current-Carrying Ring Me 
ing Uniformly in a Plasma Situated in a M 


Ching. 


netic Field. L. S. Bogdankevich. (Zhurm 
Teoret. i Exper. Fiz., Mar., 1959, pp. 

Sov. Phys. - JETP, Sept., 1959, pp. g 
Translation. Calculation of energy losses df 


to the Vavilov-Cerenkov radiation for a currél 
carrying ring moving uniformly in a plasma 
pendicular to its plane and parallel to the exté 
nal magnetic field. 


of State ofa Plasma. A. A. Vedetl 
and A. I. Larkin. (Zhurnal Teoret. i Exper. 
Apr., 1959, pp. 1133-1142.) Sov. Phys. - JED 
Oct., 1959, pp. 806-811. Translation. Det 
mination of the first terms of the free energy of 
completely ionized gas by an expansion of 
density term n. 


Space Charge Waves in Cylindrical = 
Columns. A. W. Trivelpiece and R. W. 

J. Appl. Phys., Nov., 1949, pp. 1784- 7038" 
refs. ONR-supported study of the propertieé 
space charge waves by regarding the plasma ay 
dielectric and solving the resulting field e@ 

tions. 


The Excitation of Plasma Oscillations. 


pendix—Dispersion Relation for a Thin Bea® 
an Infinite Plasma. P. A. Sturrock. Stem 
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U. HLP Rep. (AFCRC TN 
59-891), Sept., 1959. 12 pp. 12refs. Compari- 
son showing that the nds ad of Bohn and Gross 
and the experiments of Looney and Brown on the 
excitation of plasma oscillations by the two- 
stream mechanism are compatible with each other 
and with related experiments. 


Oscillations of a Completely Ionized Plasmaina 
Cylindrical Cavity. Kovrizhnykh. (Zhur- 
nal Teoret. i Exper. Fiz., Mar., 1959, pp. 839- 
841.) Sov. Phys. - JETP, Sept., 1959, pp. 592, 
593. Translation. Study of oscillations of an 
ionized plasma showing that such a system is 
stable and that under certain conditions no waves 
can propagate along the cavity. 


Elementary Dynamics of the Nonadiabatic 
Transverse Pinch. B. D. Fried. J. Appl. 
Phys., Nov., 1959, pp. 1778-1783. Study of the 
characteristics of the nonadiabatic transverse 
pinch for configurations in which the discharge 
tube, current coils, and condenser form an inte- 
gral structure, allowing very high voltage gradi- 
ents. 


Stabilization of a Pinch by an Alternating aieg- 
netic Field. E. S. Weibel. Space Tech. L 
PRL GM TR 0127-00399, June 4, 1958. 20 pp. 
10 refs. USAF-supported analysis of a plasma 
column, confined by a longitudinal magnetostatic 
field on which is superimposed an oscillating trans- 
verse magnetic field. The plasma i is assumed to 
be perfectly conducting and its interior is field 
free. It is found that the confinement is stable. 


A Theory of Dispersion in a Porous Medium. 
P. G. Saffman. J. Fluid Mech., Oct., 1959, pp. 
321-349. 12 refs. Analysis concerning the dis- 
persion of dynamically neutral material quantity 
in a fluid flowing through a porous medium. 
The probability density function for the dis- 

lacement of a single marked element is calculated 
Eaewes by values for the dispersion of a cloud 
of marked elements. 


The Structure of Weak Shock Waves in Real 
Gases. A.Szaniawski. Arch. Mech. Stosowanej, 
No. 2, 1959, pp. 173-192. 22 refs. Analysis of 
the influence of physical factors on a weak shock 
wave. The moving medium is assumed to be a 
quasi-perfect, viscous, and heat-conducting gas 
having internal degrees of freedom connected 
with relaxation phenomena. 
volume viscosity is also considered. 


The Influences of Molecular Structure on the 
Structure of a Weak Shock Wave. ge 
Szaniawski. Arch. Mech. Stosowanej, No. 
1959, pp. 317-332. Study covering the effect 3 
relaxation phenomena and the variability of the 
specific heat. Considered are gases with and 
without internal degrees of freedom, diatomic 
gases, and polyatomic gases, and a quantitative 
appraisal of the influence of specific heat on the 
structure of a weak shock wave is presented. 


Reflection and Refraction of Shock Waves at 
the Interface Between Two Media. oe 
Reflection for Oblique Incidence. 
Gubanov. Sov. Phys. - Tech. Phys., Nov., 1959, 
pp. 549-557. Translation. Presentation of gen- 
eral equations to find the pressure in the reflected 
shock wave when an oblique plane wave is in- 
cident on a plane boundary separating two arbi- 
trary media. When there is either a small or a 
large difference in the two media, the equa- 
tion can be solved approximately for the case of a 
shock wave of small magnitude. 


On the Normal Shock Wave Attached to the 
Curved Surface. G. E. Gadd. J. Aero/Space 
Sci., Jan., 1960, pp. 76, 77. 


Spherical Waves of Finite Amplitude. R. D. 
Fay. ASA J., Oct., 1959, pp. 1377-1379. 
USAF-Army-Navy-supported presentation of a 
method for the analysis of spherical waves of finite 
amplitude, as illustrated by the case of repeated 
shock waves. 


Iterative Solutions of the Equations for Plane 
Oblique Shock Waves. A.R. Collar. RAeSJ., 
Nov., 1959, pp. 669-672. 


Interactions of Detonation Waves. E. Larisch. 
J. Fluid Mech., Oct., 1959, pp. 392-400. Anal- 
ysis of the interaction of discontinuities intro- 
ducing detonation polars. A complete list of 
possible intersections based on the distinction 
introduced by Landau between incident and 
emerging waves is given, and a number of char- 
acteristic cases are discussed in detail. 


Novyi Primer Ploskoparallel’nogo Okolo- 
zvukovogo Techeniia s Priaamym Skachkom Uplot- 
neniia, Okanchivauiushchimsia Vnutri Teche- 
niia. F. I. Frankl’. MVO SSSR VUZ Izv. 
Matemat., No. 2, 1959, pp. 244-246. In Russian. 
Formulation of the problem of plane-parallel 
transonic flow with a straight compressibility 
jump terminating in the flow. 


Experimental eee “ed Vortices in Wing- 
Body Junctions. A. ook. Gt. Brit., 
ARC R&M 3114 (Mar., 1959. 22 pp. 14 
refs. BIS, New York, $1.44. 


Simmetrichnoe Obtekanie Kruglogo Tsilindra s 
Dvumia Vikhriami za Nim; Traektorii Vikhrei i 
Soprotivienie Tsilindra. Bl. Dolapchiev and BI. 
Sendov. SSSR Dokl., Sept. 1, 1959, pp. 
53-56. In Russian. Derivation of an exact 
solution for the problem of symmetrical flow 
about a circular cylinder with two trailing vor- 
tices. Includes determination of the vortex tra- 
jectory and drag of the cylinder. 


62 Aero/Space Engineering 


The influence of * 


Internal Flow 


On Wakes Behind a Single Aerofoil and Cas- 
cade. Yasuo Mori. JSME Bul., Aug., 1959, 
pp. 463-469. Analysis of wake characteristics 
is two-dimensional single airfoil and cascade, 
and of their performance in nonsteady flow. Ex- 
periments on wakes in transition and turbulent 
regions behind an airfoil and cascade of 30-mm, 
chord and aspect ratio 3 are described. 


The Calculation of Heat Transfer in a Cascade 
of Blades. L.M.Zysina-Molozhen. Sov. Phys.- 
Tech. Phys., Nov., 1959, pp. 558-563. Transla- 
tion. 

Experimental Study on Radial Turbine, with 
Special Reference to the Influence of the Num- 
ber of Impeller Blades on Performance Char- 
acteristics. Ichiro Watanabe and Téru Andé. 
yi E Bul., Aug., 1959, pp. 457-462. 


Turbulent Flow in a Circular Tube with Arbi- 
trary Internal Heat Sources and Wall Heat 
Transfer. R. Siegel and E. M. Sparrow. 
(ASME Semi-Annual Meeting, St. Louis, June 
14-18, Paper 59-SA-19.) AS Trans., Ser. 
Cont. Nov., 1959, pp. 280-287; Discussion, pp. 
288-290. 16 refs. 


Turbulent Flow in Channels with Porous Walls. 
s. (Polytech. Inst. Bklyn., Dept. Aero. 
Eng. & Appl. Mech., PIBAL Rep. 407, Aug., 
1957.) J. Math. & Phys., Oct., 1959, pp. 166-171. 
USAF-Navy-sponsored research. 


Pressure Loss Data for Crimped Metal Strip 
Matrices. B.C. Lindley. RAeS J., Oct., 1959, 
pp. 597-602. Presentation of data on metal 
strip matrices constructed by winding together 
alternate layers of crimped and plain metal strip. 
The units were mounted in a 6-in. diam. duct in 
which air velocities of up to 200 ft./sec. were ob- 
tained. 


Praktyczne Sposoby Wyznaczania Parametréw 
Przeptywu Gazu SciSliwego w Przewodach. I. 
P. Kijkowski. Tech. Lotnicza, July-Aug., 1959, 
pp. 113-122. In Polish. Evaluation of prac- 
tical methods for determining the parameters of 
compressible gas flows in ducts. 


On the Maximum Attainable Temperature in 
Resonance Tubes. A. H. Shapiro. J. Aero/ 
Space Sci., Jan., 1960, pp. 66, 67. 


Experimental Investigation of Axial-Compres- 
sor Inlets. Masahisa Sega and Eiji Yokoyama. 
JSME Bul., Aug., 1959, pp. 451-457. Experi- 
mental investigation of the inlet velocity dis- 
tributions to the axial compressor blading, using 
different models of compressor inlet casing. 
The effects on the blade row and the limitations 
on the inlet velocity diagram by the two-dimen- 
sional stall and critical Mach Number are dis- 
cussed, 


Closed Loop Jet Inlet Control System. J. L. 
Gross. Auto. Control, Nov., 1959, pp. 21-23. 
Description of the F-106 inlet control system used 
to maintain a constant inlet Mach Number 
through manipulation of movable ramp panels. 


On a Certain Problem in the Theory of Jets. 
V. P. Alekseevskii. (Priki. Mat. i Mekh., Nov.- 
Dec., 1958, pp. 833-838.) PM M—Appl. Math. 
& Mech., No. 6, 1958, pp. 1192-1201. Trans- 
lation. Analysis of the impingement of two 
streams of an ideal incompressible fluid which 
move toward each other from infinity in the space 
bounded by solid walls. In the case of plane flow, 
a complete solution of the problem is given by 
the use of the theory of functions of a complex 
variable. In the case of axial symmetry, certain 
formulas which are important for practical ap- 
plications are derived by the use of the law of con- 
servation of momentum 


Remarks on a Study of Short, Flexible Nozzles. 
Edwin Pounder and John Copper. J. Aero/ 
Space Sci., Jan., 1960, pp. 73,74. Determination 
of the minimum useful flexible-plate nozzle lengths 
by examining the established flow as the nozzle 
design parameters approach theoretical limits. 


Istechenie Gaza, Dvizhushchegosia v Kanale, 
Cherez Otverstvie v Stenke. V. I. Troshin. 
Prikl. Mat. i Mekh., Sept.-Oct., 1959, pp. 944- 
947. In Russian. Derivation of a solution for the 
problem of flow of gas in a channel with parallel 
walls moving through an orifice in the wall. 


O Nestatsionarnykh Techeniiakh Gaza v 
Soplakh Lavalia. O.S. Ryzhov and G. M. Shef- 
ter. AN SSSR Dokl., Sept. 21, 1959, pp. 485- 
487. In Russian. Derivation of an exact solu- 
tion for the nonlinear equation representing the 
generalization of solutions obtained for steady gas 
flows in Laval nozzles applied to the nonstation- 
ary case. 

On the Mixing of Two Parallel Streams. Lu 
Ting. (Polytech. Inst. Bklyn., Dept. Aero. Eng. & 
Appl. Mech., PIBAL Rep. 441, July, 1958.) 
J. Math. & Phys., Oct., 1959, pp. 153-165. 14 
refs. AFOSR-supported research. 


Jet Flaps & Wings 


O Metoda Simplificata Pentru Calculul Aripii 
cu Volet Fluid. N. N. Patraulea. Stud. Cerc. 
Mec. Aplic., No. 2, 1959, pp. 351-365. In Ru- 
manian, with summaries in French and Russian. 
Development of a simplified method for the 
calculation of wings with jet flaps. The effects 
of the fuselage and aspect ratio of the wing are also 
studied. 


February 1960 


Performance 


An Example of the Determination of the Prin. © 


cipal from Flight Trials, 

. Leblanc. (NA Rep. 189, Apr., 
1958.) Gt. Brit., RAE Lib. Transl. 835, Sept., 
1959. 31 pp. 

An Investigation to Determine the Effects of 
Several Parameters on Optimum Zoom Clim) 
Performance. V. Grosso. USAF FTC TN § 
59-32, Sept., 1959. 27 pp. 


Stability & Control 


On the Longitudinal Stability of an Aircraft © 
Under Repeated Disturbances. 
(Stud. Cerc. Mec. Aplic., No. 1, 
Méc. Appl., No. 2, 1959, pp. 229-236. 


Wings & Airfoils 3 
On the Problem of a Wing of a Given Volume 

with Minimum Wave Drag. E. B. Bulygina, 

(Prikl. Mat. i Mekh., Nov.-Dec., 1958, pp. 826- © 


828.) PMM—Appi. Math. & Mech., No. 6, & 
1958, pp. 1180-1184. Translation. Solution 7 


based on a variation method for a wing with an 


arbitrary leading edge, the equation of which js 
given by the power series. ; 


Comments on “Limiting Circulatory Lift of a F 
Wing of Finite Aspect Ratio.” Hancock, | 
J. Aero/Space Sci., Jan., 1960, pp. ‘65, 66. 


Aerodinamicheskie Osobennosti Strelovidnykh i 
Kryl’ev na Bol’shikh Uglakh Ataki i Bol’shikh 
Vysotakh. M. Gofman. Grazhdanskaia Avia- 
tsita, Sept., 1959, pp.11-14. In Russian. Evalu. | 
ation of the aerodynamic characteristics of swept. | 
back wings at large angles of attack and high al. | 
titudes. 


Caracteristicile Aerodinamice ale unei Clase de 
Aripi Subtiri in Scurgere Omogena de Ordin) 
Superior. M. Ionescu and Gh. Darie. Stud. | 
Cerc. Mec. Aplic., No. 2, 1959, pp. 367-377. In 
Rumanian, with summaries in French and Rus- 
sian. Determination of the aerodynamic char. 
acteristics for a certain class of thin wings ina 
homogeneous flow. 


Scurgerea Supersonicé in Jurul Sistemului 
Portant Aripa-Fuzelaj Conic. Elie Carafoli and 
Dan Mateescu. Stud. Cerc. Mec. Aplic., No. 2 
1959, pp. 335-350. In Rumanian, with sum. 
maries in French and Russian. Study of the 
supersonic flow around a wing-conical fuselage 
—— system, for the case of a triangular wing 
with subsonic leading edges and a fuselage at 
different incidences. 


Aeroelasticity 


The Inertial Effects of Springs in Oscillation 
Experiments to Determine Damping. M. D 
Frost. RAeS J., Oct., 1959, pp. 602-606. 


Asupra unor Probleme de Stabilitate a Barelo: 
Elastice in Migcare Plana. F. Dinca and V 
Manea. Stud. Cerc. Mec. Aplic., No. 2, 1959 
pp. 511-520. In Rumanian, with summaries in 
French and Russian. Derivation of genera 
equations of dynamic equilibrium for straight 
elastic bars in plane motion. 


Some Effects of Gusts on Aircraft. A. E 
Parker. Meteorological Mag., Aug.-Sept., 1959 
pp. 225-233. Presentation of formulas for the 
acceleration produced on an aircraft by vertical 
and horizontal gusts of known magnitude, de 
rived in terms of well known aeronautical pa 
rameters. 


Statystyczna Metoda OkreSlania Obcigiei 
Samolotu w Burzliwej Atmosferze. J. Sandauet. 
Tech. Lotnicza, July-Aug., 1959, pp. 97-101. In 
Polish. Development of a statistical method for 
determining aircraft loads in a turbulent at | 
mosphere. 


Vibration of a Thin Rectangular Wing of Large] 
Aspect Ratio in a Supersonic Stream. G. | 


Kopzon. (Prikl. Mat. i Mekh., Nov.-Dec., 1958 
pp. 810-819.) PMM—Appl. Math. & Mech,| 


No. 6, 1958, pp. 1153-1161. Translation 


Flexural Vibrations of a Thick-Walled Circula 
Cylinder According to the Exact Theory of Elas- 
ticity. J. E. Greenspon. (IAS 27th Annu 
Meeting, New York, Jan. 26-29, 1959, Rep. 5% 
Aero/Space Jan., 1960, pp. 37-40 
10 refs. 


Dowstes Energy Dissipation at Support Inter 
faces of Square Plates. T. J. Mentel and C.C 
Fu. USAF WADC TR 59-96 [AD 216530 
June, 1959. 23 pp. Calculation of the energy 
dissipation due to viscous shear forces betwee! 
support interfaces of built-in square plates fo 
simple harmonic transversal vibration of the 
plates. A comparison is made with the energ! 
dissipation due to material damping within th 
plates, and it is shown that the interface dampit! 
mechanism can have an overriding effect for tht 
plates. 


Aeronautics, General 


Special Issue: Britain’s Aircraft Industry 
Flight, Sept. 4, 1959. 68 pp. Detailed guide t 
British aircraft, engine, and missile industry 
covering 31 companies and 67 aircraft, 33 engine 
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and 11 missile types; as well as a directory of 
ancillary industry. 


Air Transportation 


Guide to the World’s Airlines. The Aeroplane 
& Astronautics, Nov. 13, 1959, pp. 471-487. 
Presentation of information on the history, com- 
position, operation, fleet, and management de- 
tails. 


Pillars of World Air Transport; A ‘*Who’s 
Who’’ of the International Air Transport Associa- 
tion. Interavia, Oct., 1959, pp. 1212-1217. 
Directory of world airlines giving details of prin- 
cipal routes, management, aircraft operated, and 
number of employees. 


Special Issue: Air Shippers’ Manual 1959-60. 
Air Transp., Nov., 1959, pp. 3-98. Partial 
Contents: Airline Cargo Directory. Air Cargo 
Statistics. Other Air Shipping Information. 


Airplanes 


Firebee Design Keeps up with Fighter Ca- 
pabilities. Space/Aeronautics, Nov., 1959, pp. 
143, 144, 147, 148, 152, 154. Presentation of the 
design and performance characteristics of the 
Ryan Q2-C. Developmental changes from pas- 
sive augmentation of earlier models to active 
augmentation is discussed. 


Control Systems, Automatic Pilots 


Definitions and Terms Relating to Aircraft 
Control Systems and Components. H. R. Hop- 
kin and H. H. B. M. Thomas. RAeS J., Oct., 
pp. 572-575. 


Description 


French Transport Projects. The Aeroplane & 
Astronautics, Oct. 30, 1959, pp. 408, 409. De- 
sign and performance characteristics of four air- 
craft types in development: the Hurel Dubois 
H.D. 37, the Breguet Br. 941/942, the Max 
Holste Super Broussard, and the Sud-Aviation 
Diplomate. 


VC10 Europe’s Largest Transport. The Aero- 
plane & Astronautics, Nov. 20, 1959, pp. 505-510, 
cutaway drawing. Design, structural, and 
systems characteristics of the Vickers jet trans- 
port aircraft. 


Canadair’s Big Freighter. The Aeroplane & 
Astronautics, Nov. 27, 1959, pp. 537-541, cut- 
away drawing. Presentation of design details 
of the CL-44, a “‘swing-tailed’’ freighter based 
on the Bristol Britannia. 


The Case for the Supersonic Transport. H. L. 
Hibbard and R. A. Bailey. (Aero/Space Energ., 
July, 1957, pp. 32-37, 62.) Interavia, Oct., 1959, 
pp. 1234, 1235. 


Mach 3 Transport—Will it be Rocket Pow- 
ered? J. M. Cumming. Aircraft & Missiles, 
Dec., 1959, pp. 44, 45. Discussion of a mixed 
power plant transport having auxiliary rockets 
for take-off and climb in addition to turbojets 
with afterburners. Performance criteria are 
compared for several power plant types. 


NASA Studies Supersonic Transports. Craig 
Lewis. Av. Week, Dec. 7, 1959, pp. 119, 121, 
125, 127. Discussion of the aerodynamics of 
supersonic transports, and proposal of a model 
having a pinched fuselage with highly swept wings 
and the engines podded in the wing afterbodies. 


Designing Becomes Electra. R. W. Partridge, 
V. S. Upton, and J. T. Power. SAE J., Nov., 
1959, pp. 26-31. Design characteristics of the 
Lockheed Electra’s hydraulic, fuel, and integral 
engine starting systems, and discussion of the 
cockpit layout. 


For the Next Twenty Years. J. W. Addington. 
Aeronautics, Dec., 1959, pp. 30-33. Presentation 
of design and performance characteristics of the 
Avro 748 short-haul airliner. 


What Shapes Aircraft? D.L. McFarland and 
John Kolb. Prod. Eng., Nov. 16, 1959, pp. 32-34. 
Discussion of the aesthetics of aircraft design as 
affected by operational, manufacturing, and 
marketing factors. 

Turbojet CL-41 Covers Full Training Span. 
R. I. Stanfield. Av. Week, Nov. 23, 1959, pp. 
79-81, 83, 87, 89, 90. Design, performance, and 
structural characteristics of Canadair’s side-by- 
side jet trainer. 

Aer. Macchi MB.326. Interavia. Oct., 1959, 

p. 1242, 1243. Survey of the design and per- 
ormance characteristics of the MB.326 jet 
trainer. 

The Breakthrough Airliner; FAA Administra- 
tor Says CL-44 Will ‘‘Explode’’ Air Cargo Market. 
C. W. Thomas. Aircraft (Canada), Oct., 1959, 
pp. 22, 23, 25, 26, 28. Design and operational 
characteristics of the CL-44 turboprop cargo 
carrier, 

Folland Gnat Trainer; A Two-Seat Gnat De- 
velopment for the R.A.F. Flight, Nov. 27, 1959, 
Pp. 640-645, cutaway drawing. Design, struc- 
tural, and systems characteristics of a jet trainer. 

Victor; A Technical Description of Britain’s 
Latest V-Bomber. Flight, Oct. 30, 1959, pp. 463- 

2, cutaway drawing. Presentation of the 


High performance 
hydraulic pumps by 
Eastern are uniquely 
suited to the exacting 
operating require- 
ments demanded in 
the craft of tomorrow. 


Check these Eastern 
gear pump features 
— do they suggest a 
solution to your 
present design 
problem? 


Small size: Eastern gear pumps are the smallest, lightest 
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design and structural characteristics of the Hand- 
ley-Page bomber. 
Ejection Seats 

Design Features of the B-58 Escape Capsule. 
R. M. Stanley. Aero/Space Engrg., Jan., 1960, 
pp. 42-45. Description of an escape system 
capable of performing at all flight speeds and 
altitudes, and independent of preejection system 
functioning. The capsule seals and pressurizes 
itself automatically and is fired by a dual-unit 
manifolded rocket catapult. It also contains 
self-inflatable flotation balloons for water land- 
ings. 

Emergency maypege Capsule Studies. Phase 
I—Preliminary Laboratory Flotation Studies. 
A. P. Kearney, B. J. Mills, and R. S. Huey. 
USAF WADC TR 59-247 (I), June, 1959. 16 
pp. Description of preliminary studies using air- 
craft canopy escape capsules. Included are the 
following: design of capsule clothing, donning of 
clothing in confined space, stowage of emergency 
survival items, air exchange requirements, flota- 
tion, inhabitation, and communications. 


Landing, Landing Loads 


Measurements and Power Spectra of Runway 
of an Airport (Airport 7). NATO 
GARD Res. Memo. 7, Sept., 1959. 31 pp. 


Measurements and Power Spectra of Runway 
Roughness of an Airport (Airport 8). NATO 
AGARD Res. Memo. 8, Sept., 1959. 31 pp. 


Measurements and Power Spectra of Runwa 
Roughness of an Airport (Airport 9). NAT 
AGARD Res. Memo. 9, Oct., 1959. 44 pp. 

Measurements and Power Spectra of Runway 
Roughness of an Airport (Airport 10). NATO 
AGARD Res. Memo. 10, Oct., 1959. 36 pp. 

Statistical Measurements of Contact Conditions 
of Commercial Transports Landing on Airports at 
an Altitude of 5,300 Feet and at Sea Ror 
N. S. Silsby and Ss. P. Livingston. U.S., NASA 
TN D-147, Nov., 1959. 21 pp. 


Load Maintainer Checks Landing Gear Fa- 
tigue. R.L. Gibbs. Appl. Hydraulics & Pneu- 
matics, Nov., 1959, pp. 110-112. Description of 
a device to simulate landing gear loads. 


Landing Gear 


Evaluation of B. F. Goodrich 450°F Ambient 
Temperature Brake. C. F. Afanador. USAF 
WADC TR 59-198, June, 1959. 29 pp. 


Operating Characteristics, Economics 


Flugmechanische Betrachtungen zur Verkiir- 
zung von Start- und Landestrecken. H. Herb. 
DFL Inst. Flugmech. Bericht No. 80, Mar., 1959. 
68 pp. 61 refs. In German. Survey of tech- 
niques for reducing take-off and landing distances 
examined in relation to the mechanics of flight. 


The Small Jet Airliner—The Need and the 
Answer. IJnteravia, Oct., 1959, pp. 1255, 1256. 
Comparison of performance and operating costs 
of several turbojet and turboprop airliners. 


Commercial Aircraft of the World. Flight, 
Nov. 20, 1959, pp. 577-621. Survey of 170 types 
of aircraft, emphasizing the operator’s point of 
view. Included are eight engineering cutaway 
drawings and eleven cutaway drawings showing 
operational aspects of the aircraft. 


Supersonic J. F. Drake 
and R. De Vault. (ASME Semi-Annual 
Meeting, 3. Louis, June 14-18, 1959, Paper 59- 

Mech. Eng., Nov., 1959 » pp. 52-55. 
Discussion of the advantages of a ram-jet for 
supersonic flight and comparison of a turboram- 
= with a straight turbojet for a Mach 3 
airliner. 


Aviation & Space Medicine 


Special Issue: Bio-Medical Electronics Issue. 
I Proc., Nov., 1959, pp. 1816-2010. 402 
refs. Partial Contents: An Analog Computer to 
Simulate Systems of Coupled Bimolecular Re- 
actions, E. F. Macnichol, Jr. Electron Transfer 
in Biological Systems, Britton Chance. Alter- 
nating Current Spectroscopy of Biological Sub- 
stances, H. P. Schwan. Comments on Micro- 
electrodes, R. C. Gesteland, B. Howland, J. Y. 
Lettvin, and W. H. Pitts. Some Functions of 
Nerve Cells in Terms of an Equivalent Network, 
W. H. Freygang, Jr. Electronic Control of Some 
Active Bioelectric Membranes, J. W. Moore. 
Measurement of Mechanical Properties of Muscle 
Under Servo Control, Martin Lubin. Scan- 
ning Microscopy in Medicine and Biol- 
ogy, L. E. Flory. A Magnetic Flowmeter 
for Recording Cardiac Output, H. W. Shirer, 
R. B. Shackelford, and K. Jochim. The 
Use of an Analog’ Computer for Analysis of 
Control Mechanisms in the Circulation, H. R. 
Warner. Some Engineering Aspects of Modern 
Cardiac Research, D. Baker, R. M. Ellis, D. L. 
Franklin, and R. F. Rushmer. Stability, Oscilla- 
tions, and Noise in the Human Pupil Servomech- 
anism, Lawrence Stark. Absorption of Ultra- 
sound by Tissues and Biological Matter, H. P. 
Schwan. Applications of Ultrasound to Bio- 
logic Measurements, F. Herrick. New In- 
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strumentation Concepts for Manned Flight, L. J. 
Fogel. 


Disorientation: An Evaluation of the Etiologic 
Factors. R. N. Kraus. USAF SAM Rep. 
59-90, Aug., 1959. 8Spp. 13 refs. 

Carbon Monoxide Determination in age 
Accident Fatalities. W. M. Glantz, 
Stembridge, A. M. Dominguez, L. R. ee 
H. E. Christensen, F. W. Lovell, T. L. Gleason, 
and F. M. Townsend. (Aero Med. Assoc., 30th 
Annual Meeting, Los Angeles, Apr. 27, 1959.) 
Aerospace Med., Oct., 1959, pp. 711-715. 

Human Factors Support of the X-15 Program. 
Burt Rowen. (Aero Med. Assoc. 30th Annual 
Meeting, Los Angeles, Apr. 27,1959.) Aerospace 
Med., Nov., 1959, pp. 816-820. Discussion in- 
cluding physiologic telemetry, cosmic radiation, 
simulation and training, protective equipment, 
and escape systems. 


A Technique for Determining Changes in Force 
of Cardiac Contraction During Acceleration. 
S. D. Leverett and N. P. Clarke. Aerospace 
Med., Nov., 1959, pp. 832-839. 10 refs. 

A Study of the Effects of Positive Acceleration 
Upon Erythrocyte Hydration in Human Subjects. 
R. L. Fenichel and G. H. Kydd. U.S., NADC 
MA-5904, BMS Rep. 1, May 12, 1959. 11 pp. 


Studies of Primate Tolerance to Complex Ac- 
celerations. N. P. Clarke and R. N. Headley. 
(Aero Med. Assoc. 30th Annual Meeting, Los 
Angeles, Apr. 29, 1959.) Aerospace Med., Nov., 
1959, pp. 825-831. Discussion of a series of ex- 
periments in which the frequency and amplitude 
of oscillation, as well as magnitude of simulated 
deceleration, are of the type associated with 
unstable re-entry of satellite vehicles. 

Central Nervous System Injury from High 
Radial G Force. P.B. Phillips and J. J. Zarriello. 
(Aero Med. Assoc. 30th Annual Meeting, Los 
Angeles, Apr. 29, 1959.) Aerospace Med., Nov., 
1959, pp. 847-851. Presentation of a case his- 
tory of pilot tracing his ultimate recovery. 

G Tolerance in Primates. II—Observations on 
the Relationship of Carotid Pressure and End 
Point During Acceleration. G. H. s 
Fenichel, and R Crosbie. U.S., NADC 


MA-5903, BMS Rep. 2, May 29, 1959. 14 pp. 

Adaptation to Positive Aon. J. W. 
Frazer and Elizabeth Reeves. U.S.,  NADC MA- 
5818, BMS Rep. 4, Dec. 23, 1958. i6 pp. Study 


to determine whether or not animals would show 
increased tolerance to acceleration as measured 
by survival time, if conditioned to lower levels of 
acceleration. 


The Bio-Dynamics of Launch and Re-Entry. 
J. L. Brown. (Assoc. Mil. Surgeons 65th Annual 
Convention, Wash., | Nov. 17-19, 1958.) Mil. Med., 
Nov., 1959, pp. 775-781. Discussion covering 
such aspects as acceleration tolerance, human 
adaptability, and coordination between the 
pilot and the control mechanism. 


A Supine Seat for High-Stress Testing of Pri- 
mates. L. Eisen and . S. Zeigen. USAF 
WADC TR 59-165, Apr., 1959. 18 pp. Discus- 
sion of design criteria for a supine seat and re- 
straint harness with a surrounding inclosure to 
be used in high stress biological experiments with 
a monkey. 

a aan of Ventilated Clothing. Paul Webb and 

F. K. Klemm. Appendix—A Discussion of 
Several Aspects of Fluid Mechanics Pertinent to 
the Design of Clothing Ventilation Systems. 
J. F. Crocker. USAF WADC TR 58-608 [AD 
213602), Mar., 1959. 17 pp. Review of the 
purpose of ventilation in clothing and descrip- 
tion of the functions of convective and evapora- 
tive cooling. Various ventilating garments are 


described, and an ideal ventilating pressure 
system is defined. 
High-Speed, Electromechanical ggle. 


USAF WADC TR 59-114 [AD 
1959. 21 pp. Description of goggles designed 
to protect the wearer from burns or flashblindness 
caused by exposure to high-intensity flashes. 
A signal is generated by a photodetector at the 
onset of flash, then amplified to actuate the shut- 
ters of the goggle to shut out all light. The 
i are closed in less than 500 usec. after the 
as 


Short Time Human Tolerance to Sinusoidal 
Vibrations. G. H. Ziegenruecker and E. B. 
Magid. USAF WADC TR 59-391, July, 1959. 
13 pp. 15refs. 
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Man’s Ability to Apply Certain Torques While re 
Weightless. Ernest Dzendolet and J. F. Riey. 7 
ley. USAF WADC TR 59-94, Apr., 1959. 28 i: 


determine the torque a man can apply under 
normal conditions, and calculation of the conse. 
quences of applying torques while tractionless. 


Scaling Human Reactions to the Sound from 


pp. Review of anthropological literature to F 


Aircraft. K. D. Kryter. Nov., 1959, 
pp. 1415-1429. 12 refs. Studies undertaken to 
determine how ‘“‘noisy’’ commercial jet aircraft | 


will sound to people on the ground in compa Arison 
to present-day commercial aircraft with recipro. | 
cating engines. Three experiments inv olved 
the flyover sound made by reciprocating and jet 
aircraft. 


Hearing Loss “2 High Intensity Sound of Jet 
Engines. S. K. Willis and I. Toff man, 
(Aero Med. pat ong 30th Annual Meeting, Los 
Angeles, Apr. 28, 1959.) Aerospace Med., Oct., 
1959, pp. 764- 772. 19 refs. Analysis of audio. 
grams showing that hearing loss is induced by 
high-intensity sound from jet engines. 

A Preliminary Study of the Efficiency of Limited 
Frequency Monitoring Audiometry in the Air 
Force Hearing Conservation Program. D. |, 
ee USAF SAM Rep. 59-89, Aug., 1959, 
& pp. 

Day-to-Day Stability of the Auditory Thresh- 
old in Noise-Exposed and Non-Noise- eapem 
Air Force Personnel. L. L. Kopra, D. Pe. 
drini, and . W.. Fullington. USAF "s AM 
Rep. 59-85, Aug.. 1959. 10 pp. 

Some Clinical and Physiological Implications of 
a Recent Elastic Reservoir Theory of the Human 
Systematic Arterial System. F.W. Cope. U.S 
NADC MA-5816, BMS Rep. 9, Nov. 25, 1958 
25 pp. 10refs. 


Elastic Characteristics of Isolated Segments of i 


Human Aortas Under Dynamic Conditions,” 
F. W. Cope. U.S., NADC MA-5809, BMS 
Rep. 5, Aug. 13,1958. 14 pp. 10refs. 


An Elastic Reservoir Theory of the Human 
Systematic Arterial Using Current 
on Aortic Elasticity. W. Cope. U-.S., N4 
MA-5814, BMS Rep. Nov. 7, 1958. 29 
40 refs. 


Effects of Ageing, Drugs, Exercise and Other 
Stresses on the Elastic = In- 
tact Living Human Aorta. F. W. C US, 
NADC MA-5815, BMS Rep. 8, oor Pra, 1958 
18 pp. 15refs. 


Preliminary Studies on the Mechanism of 
Radiation Damage to Oxidative Phosphorylation 
in Spleen Mitochondria. B. D. Polis and F. W. 
Cope. U.S., NADC MA-5908, BMS Rep. 6, 
July 9,1959. 8Spp. 12 refs. 

A Stress Analysis on the Inner Gimbal Drive 
Shaft of the Human Centrifuge for Various Gon- 
dola Loading Conditions. R. J. Crosbie and 
Fred Gollub. U.S., NADC MA-5901, TED 
ADC AE-1410, BMS Rep. 2, Feb. 12, 1959. 
pp. 

The Requirements for Modification of the 
Human Centrifuge for High Performance Air 
craft and Space Vehicle Simulation Research 
R. J. Crosbie. U.S., NADC MA-5907, TED 
ADC AE-1410, BMS Rep. 3, July 6, 1959. 3 
Pp- 

Measuring Biophysical Changes on a Centii- 
fuge. Dave Pickard. Auto. Control, Oct., 1959 
pp. 13-16. Description of the centrifuge operat: 
ing equipment and test instrumentation. 


Forced Expiratory Spirograms Following De- 
compression Sickness. Victor Parsons. Agere 
space Med., Nov., 1959, pp. 821-824. Discus 
sion of the diminution in forced vital capacity 
after decompression chamber tests occurring it 
subjects with and without pulmonary symptoms 
of decompression sickness. 


Dynamic Visual Acuity in an Agate’ Setting. 
J. E. Goodson and J. W. Miller. (Aero Mei 
Assoc. 30th Annual Meeting, Los Angeles, Apr. 27 
1959.) Aerospace Med., Oct., 1959, pp. 755-768 
ONR-supported study to determine the rela 
tionship between performance in the laboratory 
and in the air with regard to the visual pursuit 0! 
moving targets. 

Lens System ned for Vision 
in the Submerged Human Eye. D. Dee 
R. J. Emrich, and H. G. Shepler. 
MA-5810, TED ADC AE- 1411, BMS fos 3 
Sept. 2, 1958. 10 pp. 


Human Engineering 


Human Factors Considerations in the Design 
of Airport Traffic Control ee (Final Re 
port). A. W. Silvestro and J. B. Kelly. Cout- 
ae & Co. Rep. 28, Aug. 1, 1959" 85 pp. 3 
rets. 


Speed of Reaching to ateal Control Areas int 
Fighter-Type Cockpit. R. Green and F. A 
Muckler. USAF ape 1 TR 58-687, June, 1959 
16 pp. Study of the simple speed of visual pos 
tioning responses to nine critical cockpit move 
ment areas. 

Work Proficiency in the Space Cabin Simuls 
tor. S. J. Gerathewohl. (Aero Med. Asso 
30th Annual Meeting, Los Angeles, Apr. 2 
1959.) Aerospace Med., Oct., 1959, pp. 722-735 
Investigation of human parameters under simu 
lated space conditions. 
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With 38 years acceptance Sargent builds precision linear and 
rotary hydraulic, pneumatic, mechanical and electronic systems 
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“GOOD WILL” is the disposition of 
the pleased customer to return to the 
place where he has been well treated. 


— U.S. Supreme Court 
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Multiple Observers, Message Reception, and 
Rating Scales. L.R. Decker and Irwin Pollack. 
ASA J., Oct., 1959, pp. 1327, 1328. Analysis of 
the improvement of message reception in noise 
by various observers. Two sets of decision 
rules are employed to select among the responses 
of three observers, based on (a) response agree- 
ment among observers and (b) the listeners’ 
confidence ratings of accuracy of message recep- 
tion. 


Chemistry 


Plasticisers of Linear Polycondensates. K. 
Thinius. (Kunststoffe, No. 5/6, 1948, pp. 108- 
110.) Gt. Brit., MA TIL/T4889, Nov., 1959. 
6 pp. 29 refs. Translation. 

The Ionization and Dissociation of Some Halo- 
~ Molecules by Electron Impact. D.C. Frost 
and C. A. McDowell. U. Brit. Col. Dept. Chem. 
Sci. Rep. 2 (AFCRC TN 59-442), Aug., 1959. 
38 pp. 22 refs. 


Computers 


The EDA. John McLeod. Instruments & 
Control Systems, Oct., 1959, pp. 1532-1535. 
Evaluation of specific advantages and limitations 
of electronic differential analyzers including the 
economic aspect of the simulation. 

On the Temperature Margins of a Transistor- 
Driven Coincident Current Ferrite Core Memory. 
Jan-Rustan Térnquist. (Elteknik, No. 6, 1959.) 
SAAB RS TR 4, 1959. 4 pp. Reprint. 

A Linear Selection Memory with Transistor 
Driving Circuits. Bengt Jiewertz. (Elteknik, 
No. 6, 1959.) SAAB RS TR 4, 1959. 4 pp. 
Reprint. 

Character Displays Using Analog Techniques. 
S.C. Chao. Electronics, Oct. 23, 1959, pp. 116- 
118. Description of a character display system 
which provides fast readout by forming charac- 
ters from series of overlapping dots. Simple ana- 
log-computer type resistor summing networks 
establish dot possitions on an oscilloscope. 

Requirements for a Hybrid Analog-Digital 
Computer. D. C. Baxter and J. H. Milsum. 
Canada, NRC Div. Mech. Eng. Rep. MK-7, Oct., 
1959. 26 pp. 14 refs. 

A System for Editing and Computor Entry of 
Flight Test Data. S. F. Higgins. JRE Trans., 
SET Ser., Sept., 1959, pp. 123-131. Description 
of a data editing system with provisions for com- 
puter entry of flight test data as acquired by an 
integrated digital data system, including control 
facilities for selecting the desired prime and com- 
mutated channels essential for data reduction. 
Peripheral equipment is also described as an aid 
in the editing process for examining the raw data 
in terms of analog, quick-look, and permanent 
record equipment. 


General Flow Graph Technique for the Solution 
of Multi-Loop Sampled Systems. R. h, W. 
H. Kim, and G. M. Kranc. Columbia U. Sch. 
Eng. Dept. Elec. Eng. TR T-37/B (AFOSR TN 
59-824), July 31, 1959. 19 pp. 10 refs 


A High-Speed, Airborne Digital ne Acquisi- 
tion System. S. Cogan and W. Hodder. 
IRE Trans., SET Ser., Sept., 1959, a 117-122. 
Description of a transistorized airborne PCM/ 
FM data acquisition system used to provide an 
accurate and reliable means of collecting informa- 
tion from a large number of transducers during 
aircraft flight testing, and to transfer this infor- 
mation to a digital computer for final data re- 
duction. 


The Incremental Computor (Digital Differen- 
tial Analyser), a Facilities for a General Pur- 
pose Model. J. Corps. Gt. Brit.. RAE TN 
M.S. 56, May, 980. 22 pp. 


The Radome and the High-Speed Digital 
Computer. II. K. H. Olson. Auto. Control, 
Nov., 1959, pp. 56-59. Description of computer 
programs for error prediction in radome operation. 


A Progress Report on Machines to Learn to 
—— Languages and Retrieve Information. 
R. J. Solomonoff. Zator Co., ZT B-134 (AFOSR 
TN 59-646), Oct., 1959. 17 pp. 


Control 


Pomekhoustoichivost’ ages eryvnykh Sistem 
Upravieniia s Magnitnoi Zapis’iu. 
V. Shadrin. Avtom. i Telemekh., Aug., 1959, 
pp. Sul 1116. In Russian. Determination of 
the potential noise stability of multichannel pro- 
graming control systems with magnetic recording 
at phase modulation. 

Determination of the Dynamical Characteris- 
tics of a Linear System by Means of Spectral 
Functions. To Ke-Lai. Scientia Sinica, June, 
1959, pp. 643-649. Presentation of a method 
based upon the statistical analysis of random 
variations of the input and output quantities 
under normal operating conditions. 

Vliianie Vibratsionnykh Pomekh na Ustoichi- 
vost’ i Dinamicheskie Kachestva Nelineinyk 
Avtomaticheskikh Sistem. E. P. Popov. AN 
SSSR Otd. Tekh. Nauk Izv. Energ. i Avtom., 
July-Aug., 1959, pp. 97-105. In Russian. De- 
velopment of an approximate theory for the effect 
of vibrational interference on the dynamic prop- 
erties of nonlinear automatic control systems. 


Ob Odnom Sposobe Opredeleniia Perekhodnoi 
Sostavliaiushchei Dvizheniia Avtomaticheskoi 
Sistemy pri Proizvol’nom Vozmushchenii. P. I. 
Chinaev. AN SSSR Otd. Tekh. Nauk Izv. 
Energ. i Avtom., July-Aug., 1959, pp. 106-111. 
In Russian. Presentation of a method for deter- 
mining the transient component of the motion of 
an automatic control system in the case of random 
perturbations. 


The Dynamics of Relays. III. Ch. F. Cameron 
and D. D. Lingelbach. Electronic Ind., Nov., 
1959, pp. 96-102. Discussion covering the effect 
of discharge resistance upon the operation time of 
arelay; time delay and the modifications or ad- 
justments that can be made for slow operation or 
slow release; and the causes and remedies for 
“contact chatter.” 


Electronics 


Quarterly Progress Report No. 15, 15 January 
1959 Through 14 April 1959. Polytech. Inst. 
Bklyn., MRI Rep. R-452.15-59, 1959. 93 pp. 
27 refs. Summaries of papers prepared by the 
electrophysics group, microwave techniques and 
devices group, and networks group. 


Progress Report No. 16, 15 April 1959 Through 
14 September 1959. Polytech. Inst. Bkiyn., 
MRI Rep. R-452.16-59, 1959. 139 pp. 50 refs. 
Summaries of papers prepared by the electro- 
physics group, microwave techniques and devices 
group, and networks group. 


Ubersicht iiber den heutigen Stand der Phasen- 
shieber fiir Mikrowellen. me lendt. DVL 
Bericht No. 89, May, 1959. 22 refs. 
Westdeutscher Verlag, Kéln In 

rman. Survey of several phase emer for 
microwave application, including design and per- 
formance details. 


Special Issue: Modern Communications 
Methods. Samuel Weber. Electronics, Oct. 23, 
1959, pp. 93-108. 34 refs. Survey covering data 
on problems of modern communications, propa- 
gation, over-the-horizon systems, exotic systems, 
modulation, and transmission and information 
theory. 


Amplifiers 


Magnetic Amplifier Circuits. I—The Series 
Circuit with a Nonlinear Inductor. Appendix 
I—Hereditary Nature of the Magnetization 
Curve. Appendix IIl—Effect of Resistance on 
the Free Oscillations of the Series Circuit. Ap- 
pendix II1I—Straight Line 


tion of the Magnetization Curve. endix IV— 
Solution of the General Eavation o 4 Series 
Circuit. Amram Rasiel. US TR 


57-43, Pt. I, May, 1959. 94 pp. 56 


The Optimum Line Width for the Transition 
Used in a Reflection Cavity Maser Amplifier. 
G.J. Troup. Australian J. Phys., Sept., 1959, pp. 
218-221. 11 refs. 


Antennas, Radomes 


A Circularly Polarized Feed for an Automatic 
Tracking Telemetry Antenna. R. C. Baker. 
IRE Trans., SET Ser., Sept., 1959, pp. 103-110. 
Description of a feed consisting of a circular 
wave guide excited by orthogonal probes fed 90° 
out of phase to produce circular polarization. 


Circuits & Components 


Analysis of Electrical Non-Linear Elements and 
Circuits. H. E. Ellithorn and R. C. McCollum. 
USAF WADC TR 58-339 [AD 213790], Apr., 
1959. 90 pp. 441 refs. Discussion of two 
methods for obtaining the response of an RLC 
circuit containing a nonlinear inductor to an arbi- 
trary applied voltage. 


Designing Transistor Circuits with Statistical 
Techniques. J. R. McDermott. Space/Aero- 
nautics, Nov., 1959, pp. 191, 193, 195, 197, 198, 
2 Discussion covering the application of sta- 
tistical methods in military electronic equipment. 


Zener Diode Circuit Applications. L. H. 
Dunklee. Mil. Electronics, Aug., 1959, pp. 19-21. 
Discussion of the electrical properties of silicon 
junction diodes and circuitry applications. 

The Tunnel Diode—Circuits Applications. 
I. A. Lesk, N. Holonyak, Jr., and U. S. David- 
sohn. Electronics, Nov. 27, 1959, pp. 60-64. 10 
refs. Discussion of the characteristics of some 
typical tunnel diode circuits, detectors, multivi- 
brators, and amplifiers. 

Wideband F-M with Capacitance Diodes. 
Collins Arsem. Electronics, Dec. 4, 1959, pp. 
112, 113. Description of two practical circuits 
which use voltage-variable capacitances as the 
means of modulating an oscillator tube. 


Communications 


Communication Techniques for Space Explora- 
tion. Eberhardt Rechtin. JRE Trans., SET 
Ser., Sept., 1959, pp. 95-98. Analysis of space 
communication techniques and their limitations, 
such as external noise, handling of extreme volume 
of data, certain relativistic effects, time, and eco- 
nomic factors. Future development is also 
briefly discussed. 
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Mercury Capsule Communications. R. J, 
Pierce. Astronautics, Dec., 1959, pp. 24-27, 
86-88. Discussion of communication equipment 
developed to provide the following functions; 


etry, orbital tracking, precision tracking, and 
rescue beacons. 


Construction Techniques 


Printed Circuits in Mace Guidance. J. 
ee. Aircraft & Missiles, Dec., 1959, pp. 
, 41. 

Three Approaches to Microminiaturization, | 
Robert Langford. Electronics, Dec. 11, 1959, pp, 
49-52. Outline of construction methods for fabri. 
cating extremely small electronic circuits and com. 
ponents. Future applications are also examined, © 


Dielectrics 
For Wideband Radar Antennas—Design for . 


the Dielectric Lens. W. E. Junker. Electronic 
Ind., Nov., 1959, pp. 70-72. ¢ 


Inorganic Insulations for High Temperatures, 
E. J. Croop and C. H. Vondracek. Electronics, : 
Nov. 27, 1959, pp. 65-67. Evaluation of some 
insulating materials, capable of withstanding F 
continuous operation at temperatures of 500°C, © 
and above, currently in use as well as under de. § 
velopment. 

Vliianie Vysokikh Davlenii na Dielektricheskie 
Poteri Polimerov. L. A. Igonin, Iu. V. Ovchin. 
nikov, and V. A. Kargin. AN SSSR Dokl., Sept. 
1, 1959, pp. 127-129. In Russian. Description 
of tests made to determine the effect of high pres. 
sures on the dielectric losses of polymers. 


Electronic Tubes 


Application Notes for Military Electron Tubes; 
Supplement to MIL-HDBK 211, Techniques for 
Application of Electron Tubes in Military Equip. 
ment. ARINC Res. Pub. No. 101-17-145, Jun 
30, 1959. 222 pp. 27 refs. USAF- Navy. 
sponsored study. 


Magnetic Devices 


O Tekhnicheskom Namagnichivanii Ferro-| 
magnetikov. L. V. Kirenskii, M. K. Savchenko 
and I. F. Degtiarev. AN SSSR Dokl., Sept. 1 
1959, pp. 288-290. In Russian. Description o 
experiments and presentation of results on the! 
development of techniques for the magnetization 
of ferromagnetics. 


O Vliianii Temperatury i Vneshnego Magnit- 
nogo Polia na Stabil’nost’ Postoiannykh Magnito 
iz Zhelezo-Nikel’-Aliuminievykh Splavov. E. A 
Andrievskii and V. N. Mikhailovskii. AN SSSR 
Otd. Tekh. Nauk Izv. Energ. i Avtom., July-Aug 
1959, pp. 210-214. In Russian. Determinatio: 
of the effect of temperature and external magnetic 
field on the stability of permanent magnets com- 
posed of iron-nickel-aluminum alloys. 


Networks, Filters 


Solution to the Realizability Problem for Ir 
redundant Boolean Branch-Networks. Lars Loi: 
gren. Franklin Inst. J., Nov., 1959, pp. 352 
377. 17 refs. Definition of an irredundant typ 
of network for the 2- and m-terminal case, ani 
presentation of a simple general solution to th 
existence and realizability problem. The theory 
of nonoriented networks is extended to irredur 
dant networks of oriented branches. 


Piezoelectricity 


On the Dependence of the Switching Time ¢ 
Barium Titanate Crystals on Their Thickness. 
M. E. Drougard and R. Landauer. J. Appi 
Phys., Nov., 1959, pp. 1663-1668. 15 refs. 


Ferroelectrics. III—The Dielectric Amplif: 
and Some Computer Applications. J.C. Burfoot 
Wireless World, Oct., 1959, pp. 458-462. 

Effect of Additives of Limited Solid Solubility 
on Ferroelectric Properties of Barium Titanalt 
Ceramics. P. Baxter, N. J. Hellicar, and 3 
Lewis. Am. Ceram. Soc. J., Oct., 1959, pp. 46% 
470. 28 refs. 


Power Supplies 


Equations for Designing Transistor Power Sur 
plies. Theodore Hamm, Jr. Electronics, Oc 
23, 1959, pp. 122-124. 


LF F Airborne Electrical System is on the Wa! 

J. Pierro. AE J., Nov., 1959, pp. 78-8 
of the materials and subcomponent 
necessary to construct the major component * 
semblies of a 115/200 volt, 400 cps three-pha* 
system. 


Controlled Rectifiers Drive A-C and D4 
Motors. W. R. Seegmiller. Electronics, No’ 
13, 1959, pp. 73-75. Description of the desig 
and operating characteristics of controlled rect! 
fiers, and survey of some specific applications 


Ultra High Temperature (500°C) Power Tras! 
formers and Inductors. H. B. Harms and J.¢ 
Fraser. USAF WADC TR 59-348, July, 199! 
550 pp. 61 refs. 
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AUTOMATIC RECORDING 
of FREQUENCY RESPONSE 


» » « for Study of Filters, Networks, Amplifiers, Equalizers, 
Loudspeakers, Microphones, and Transducers of All Types. 


+ 


ooo! 
i 


| | * Audio generator and level recorder couple mechanically for graphic 
Ty recording in db on a truly logarithmic frequency scale. 


@ | SYSTEM SPECIFICATIONS 
Tn Frequency Range: Generator, 20c to 20 kc on 


logarithmic scale, 20 kc to 40 kc. Recorder, 
traces rms level from 20c to 200 kc. 


Generator Output: flat within +0.25 db from 
20c to 20 kc. Output is adjustable from 5 mv 
to 50v open-circuit. Harmonic distortion is 
less than 0.25% from 100c to 10 kc, 0.5% 
below 100c, 1% above 10 ke. 


Recorder Sensitivity: 1 mv, maximum (cor- 
responds to 0 db). Can be varied from 1 mv 
to lv in 10 steps with input attenuator. 
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Recorder Range: 40-db full scale, with plug- 
in potentiometer supplied; 20-db and 80-db 
pots also available. 


Pen Writing Speed: 20 in/sec maximum with 
40-db Pot (200 db/sec) with less than 1-db 
overshoot. Slower speeds (1, 3, or 10 in/sec) 
selected by panel switch to provide mechan- 
ical filtering of rapidly fluctuating levels. 


pi Paper Speeds: 2.5, 7.5, 25, and 75 in/min. 
ri AY PRICES: Type 1304-B Beat-Frequency Generator......... $625 Optional slow-speed motor available for 
Tey Type 1521-A Graphic Level Recorder (with 40-db pot)....$995 | Speeds from 2.5 to 75 in/hr. 

Type WS2IPII Link Unit .........cccsroeesseseeseees $18 than 0.4% of full scale. Fast servo system 


—— with low overshoot provides excellent dy- 
Complete System $1710 namic accuracy. P y 


Chart paper only $2.30 per 100-ft. roll. 


GENERAL RADIO COMPANY 


Since 1915 — Manufacturers of Electronic Apparatus for Science and Industry We introduced our first cathode-ray oscilloscope 


with a German-made tube in 1931, and in 1933 sub- 
WEST CONCORD, MASSACHUSETTS stituted a better tube manufactured by Westinghouse. 
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Write For Complete Information 


NEW YORK AREA: Tel. N. Y. WOrth 4-2722, N. J. WHitney 3-3140 CHICAGO: Tel. Village 8-9400 We introduced the linear sweep circuit in 1932. That 
PHILADELPHIA: Tel. HAncock 4-7419 WASHINGTON, D. C.: Tel. JUniper 5-1088 circuit is still used in today’s scopes. 
SAN FRANCISCO: Tel. WHitecliff 8-8233 LOS ANGELES 38: Tel. HOllywood 9-6201 


In CANADA, TORONTO: Tel. CHerry 6-2171 
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Radar 


Basic Principles of Radar with Particular Ref- 
erence to Aircraft and Missile Applications (An 
Introductory Lecture for Non-Specialists). F. 
D. Boardman. RAeS J., Oct., 1959, pp. 589-596. 

Predicting Radar Detection Range. J. S. 
Titus. Electronic Ind., Nov., 1959, pp. 80-86. 
Application of some probability methods for radar 
range detection to an airborne intercept radar. 

Better Resolution Through PPI Shading. 
Daniel Levine. Electronic Ind., Nov., 1959, pp. 
103-105. Description of a circuit modification to 
remove the overly bright center from the PPI 
radar displays. 

Calculating the Pattern for Side-Looking Radar. 
Angelo Montani. Electronic Ind., Nov., 1959, pp. 
94,95. Presentation of a method for calculating 
the gain-requirements of side-looking radar anten- 
nas. 

Radar Jamming Chart. R. A. Wall. Elec- 
tronics, Dec. 4, 1959, p. 116. Presentation of a 
radar interference nomograph for the solution of 
problems in which the interference comes from a 
source other than that of the target. 


Semiconductors 


The Measurement of C tivity in Semi 
ductors with the Aid of Microwaves. Tor Stubb. 
Acta Polytechnica Scandinavica Ph 2 (259), 1959. 
14 pp. 

Surface-Dependent Losses in Variable Reac- 
tance Diodes. D. E. Sawyer. J. Appl. Phys., 
Nov., 1959, pp. 1689-1691. 11 refs. USAF- 
Army-Navy-supported research. 

Optical Microscopy Examination of the Surface 
of Germanium Single Crystals. Guido Bonfigli- 
oli, Andrea Ferro, and Adriana Mojoni. Inst. 
Elettrotec. Naz. ‘Galileo Ferraris’ TN 1d (AFOSR 
TN 59-958), 1959. 11 pp. 

Temperature Dependence and Lifetime in 
Semiconductor Junctions. D. A. Jenny and J. J. 
Wysocki. J. Appl. Phys., Nov., 1959, pp. 1692- 
1698. USAF-supported research. 

Thermal Characteristics of Silicon Diodes. I. 
J. R. Madigan. Electronic Ind., Dec., 1959, pp. 
80-87. 16 refs. 


Telemetry 


Telemetered Parameters of Primates and 
Humans from Space Capsules. T. C. Helvey. 
IRE Trans., SET Ser., Sept., 1959, pp. 99-102. 
Discussion of the biophysical requirements for 
telemetered information from _ extraterrestrial 
ecospheres. 


Transmission Lines 


Travelling-Wave Values; Mechanisms of In- 
teraction Processes Between Electrons and Fields. 
Dix. Wireless World, Nov., 1959, pp. 476- 

481. 


Girotropnyi Ellipticheskii Volnovod. E. S. 
Kovalenko. AN SSSR Dokl., Sept. 11, 1959, pp. 
276-279. In Russian. Study covering the prob- 
lem of a wave guide having an elliptical cross 
section, and comparison to solutions obtained for 
circular cross sections. 


Vliianie Magnitodielektricheskoi Sredy na 
Rasprostranenie Elektromagnitnykh Voln v 
Spiral’nom Volnovode, Pomeshchennom v 

agnitodielektrik. B. M. Bulgakov and V. P. 
Shestopalov. AN SSSR Otd. Tekh. Nauk Izv. 
Energ. i Avitom., July-Aug., 1959, pp. 166-176. 
22 refs. In Russian. Determination of the effect 
of magnetodielectric media on the propagation of 
electromagnetic waves in helical wave guides sur- 
rounded by the medium. 


Coupling Between a Waveguide 
and a Circular Waveguide or a Cylindrical Cavity 
Through a Small Hole. Lin Wei-Guan. Scientia 
Sinica, June, 1959, pp. 650-659. 


Wave Theory 


Action-Transfer and Frequency-Shift Relations 
in the Nonlinear Theory of Waves and Oscilla- 
tions. P. A. Sturrock. Stanford U. HLP Micro- 
wave Lab. Rep. 625 (AFCRC TN 59-892), Sept., 
1959. 18pp. 13 refs. 


Difraktsiia Elektromagnitnykh Voln na Otkry- 
tom Kontse Spiral’nogo olnovoda. P. S. 
Mikazan. AN SSSR Dokl., Sept. 21, 1959, pp. 
502-505. In Russian. Calculation of the dif- 
fraction of electromagnetic waves on the open end 
of a spiral wave guide. 


Frontal Perturbation of a Tropospheric Scatter 
Path. D. R. Hay and G. E. Poaps. Can. J. 
Phys., Nov., 1959, pp. 1272-1282. 22 refs. 
Description of a method for studying the physical 
process of tropospheric scatter transmission. 


Equipment 


Choosing Filter Media for Liquid Propellants. 
G. J. Harman. Space/Aeronautics, Nov., 1959, 
pp. 135, 136, 138. Review of factors influencing 
the choice of filter materials for routine and spe- 
cial fluid-system applications, covering metallic, 
organic, and inorganic materials. The best appli- 
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cation of sintered-bronze, sinter-stainless, and 
wire-woven elements is given along with porosity 
rating ranges and temperature capabilities. 


Electric 


Vickers Vanguard Electrics. Harry Zeffert. 
Elec. Eng., Dec., 1959, pp. 1164-1167. Descrip- 
tion of a system using six variable-speed 50 kva. 
self-exciting alternators and four 500 amp. silicon 
transformer rectifier units for d.c. power. 


A Designer’s Guide for Selecting Electrical 
Connectors for Signal and Power Circuits. R. L. 
Eklund. Mach. Des., Nov. 26, 1959, pp. 120-131. 


Hydraulic & Pneumatic 


Aircraft Fittings—Why They'll be More Re- 
liable. D.F. Collins. Appl. Hydraulics & Pneu- 
matics, Nov., 1959, pp. 114, 116. Discussion of 
the development in fluid line connections. 


Hot Gas Systems—-What’s Available; What’s 
the Future? A. V. Harris. Appl. Hydraulics & 
Pneumatics, Oct., 1959, pp. 87-90. Discussion of 
a hot gas system capable of generating its own 
pressure from solid or liquid propellant and work- 
ing at environmental temperatures of over 
1000°F. 


Decelerating with Accumulators. A.C. Notary 
and W. L. Huey. Appl. Hydraulics & Pneu- 
matics, Nov., 1959, pp. 88-90. Description of the 
hydraulic system of the Titan missile release 
frames which use accumulators as a cushion to 
snub fast action. 


Fuels & Lubricants 


Inflammability and Electrical Studies of Foams 
Which May Occur at Altitude by De-Aeration of 
Aviation Turbine Fuels. B.V. Poulston and A. 
Thomas. RAeS J., Oct., 1959, pp. 581-588. 
Study of the ability of foams formed from fuel-air 
mixtures to support flames and the magnitude of 
electrical charges produced during the foaming 
process. 


Synthetic Lubricant Research. Lubrication, 
Nov., 1959. 12pp. l5refs. Brief discussion of 
the elementary chemistry of synthetic oils and 
greases, including a survey of synthetic lubricants 
up to date. 


The Visco-Elastic Behaviour of Lubricating Oils 
Under Cyclic Shearing Stress. A. J. Barlow and 
J. Lamb. Royal Soc. (London) Proc., Ser. A, 
Nov. 17, 1959, pp. 52-69. 23 refs. Measure- 
ment of the shear mechanical impedance of three 
base-stock lubricating oils as part of an investiga- 
tion into the influence of relaxation behavior on 
lubrication. 


Lubrication of Corrosion-Resistant Alloys by 
Mixtures of Halogen-Containing Gases at Tem- 
peratures up to 1200° F. Appendix—Reactions 
in Film Formation. ry H. Buckley and R. L. 


Johnson. S., NASA TN D-197, Nov., 1959. 
29 pp. 10refs. 

Liquid Fluorine Report. A. J. Zaehringer. 
GSE, Oct.-Nov., 1959, pp. 76, 79, 80. Discussion 


of the potential of fluorine and its compounds as a 
rocket oxidizer covering its state of development. 


Solubility of Air, N2 and O: in n-Propyl Nitrate. 
A. B. Amster and J. B. Levy. ARS J., Nov., 
1959, pp. 870, 871. Presentation of data on gas 
solubilities to be used in the determination of the 
safest ways to handle the propellant. The pres- 
ence of bubbles is known to sensitize liquid pro- 
pellants. The magnitude of the effect is deter- 
mined by the composition of the gas in the bub- 
ble; this, in turn, depends upon the solubility of 
various gases in the liquid. The abnormal solu- 
bility of oxygen and the consequences thereof are 
noted. 


Ice Formation & Prevention 


Icing Flight Development. B. T. Cheverton. 
RAeS J., Nov., 1959, pp. 659-668. Application 
of test-bed aircraft equipped with a water spray 
rake to simulate aircraft icing conditions and to 
determine the effects of ambient temperature, 
water concentration, and droplet size. 


Estimates of Icing Experience. James Thomp- 
son. Shell Av. News, Sept., 1959, pp. 6-9. Dis- 
cussion of icing problems encountered by jet 
aircraft, and presentation of charts to estimate ice 
conditions and ice accumulation. 


Instruments 


Special Issue: 1960 Buyer’s Guide. IJnstru- 
ments & Control Systems, Pt. 2, Oct., 1959. 220 
p. Detailed guide to industrial and process 
instrumentation; data handling equipment; 
electric and electronic measuring and testing 
equipment; analytical and laboratory instru- 
ments; control equipment and systems; test 
equipment; general instrumentation; electric, 
electronic, mechanical, electromechanical, and 
optical components; machines, tools, and ma- 
terials for instrument manufacture and mainte- 
nance; as well as a product index and directory of 
manufacturers and distributors. 
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Accelerometers 


Accelerometers and Their Characteristics, 
E. B. Canfield. Elec. Mfg., Nov., 1959, pp. 117- 
124. 35 refs. Discussion of the principles of 7 
accelerometers and the application to inertial a 
guidance systems. 


Flight Instruments 


Simplifying the Pilot’s Task. P. R. Ramage, 
The Aeroplane & Astronautics, Oct. 30, 1959, pp. 
414-416. Survey of the development in aircraft 
flight instrumentation including the RAE flight : 
data system and the “head-up” flight director 9 a 
electronic display for presentation in front of the : 
windscreen. 

Uber die Einheit von Ausriistung und Flug- 
zeug. Heinrich Koppe. (WGL, Jahrbuch 1958.) 
DFL Inst. Luftfahrzeugf. Bericht No. 111,1959. 9 
pp. Reprint. In German. Discussion of the 
aircraft instrument types, such as the pitot tube, 
barometer (altimeter), gyroscope, and the mag- 
netic compass, covering their operation and pos- 
sible improvement. 


Gyroscopes 


Chastnoe Reshenie Zadachi o Dvizhenii Giro- 
skopa v Kardanovom Podvese. A. A. Bogoiay- 
lenskii. Prikl. Mat. i Mekh., Sept.-Oct., 1959, pp 
958-960. In Russian. Derivation of a partial 
solution to the problem of motion for gyroscopes 
on gimbal supports in the case of a horizontal axis 
of rotation of the external ring. 


Ob Uravneniiakh Pretsessionnoi Teorii Giro- 
skopov v Forme Uravnenii Dvizheniia Izobra- 
zhaiushchei Tochki v Kartinnoi Ploskosti. A. Iu. 
Ishlinskii. Prikl. Mat. i Mekh., Sept.-Oct., 1959, 
pp. 801-809. In Russian. Derivation of equa- 
tions of gyroscopic motion in the form of a repre- 
sentative point in a certain (phase) plane. 


Dvizhenie Stabilizirovannykh Giroskopiche- 
skikh Sistem na Podvizhnom Osnovanii. V. §. 
Novoselov. Prikl. Mat. i Mekh., Sept.-Oct., 
1959, pp. 964-967. In Russian. Study of the 
motion of stabilized gyroscopic systems on flexible 
supports. It is assumed that the motion of the 
support and masses of the system depends arbi- 
trarily upon time and the natural rotation of the 
gyroscope is unsteady. 


Issledovanie Ustoichivosti Giroskopa s Uche- 
tom Sukhogo Treniia na Osi Vnutrennego Kar- 
danova Kol’tsa (Kozhukha). V. V. Krementulo 
Prikl. Mat. i Mekh., Sept.-Oct., 1959, pp. 968- 
970. In Russian. Study covering the stability of 
gyroscopes, taking into account the dry friction 
along the axis of the internal Cardan ring. 

The Rate Gyro Interrelations—Perturbations 
in Behavior. C. E. Barkalow. Electronic Ind, 
Dec., 1959, pp. 70-73. Presentation of some 
complex relationship considerations applicable 
to typical rate gyro transducers. 


Pressure Measuring Devices 


Pressure Recorders. Instruments & Control 
Systems, Oct., 1959, pp. 1526-1531. Survey of 
pneumatic-signal recorders including static-pres 
sure, differential-pressure, and receiver types. 7 

Analysis of the Air Micro Pressure Gauge by 
the Laplace Transformation Method. Hiroshi 
Suzuki. Hoset U. Tech. Coll. Rep. 4, Aug., 1959, 
pp. 48-58. 


Recording Equipment 


Odnovremennaia Magnitnaia Zapis’ Dvukh 
Mekhanicheskikh Velichin. D. Pavelesku and 
T. Pantelimon. Rev. Méc. Appl., No. 2, 1959, pp 
351-360. 17 refs. In Russian. (Also in Stud 
Cerc. Mec. Aplic., No. 2, 1959, pp. 575-585) 
Description of an electronic system for simuk 
taneously recording two mechanical values of 
magnetic tape. 


Stress & Strain Measuring Devices 


Primenenie Tenzodatchikov dlia Izmereniid 
Krutiashchikh Momentov. Chen Din-Chaw 
Izmer. Tekh., Aug., 1959, pp. 18-21. In Russiaw 
Description of a technique for the application d 
tensometers to the measurement of torsional me 
ments, taking into account the compensation @ 
the effect of such additional factors as temper# 
ture, shearing force, axial loading, and bending 
moment. 


Temperature Measuring Devices 


How Accurate Are Your Temperature Tran® 
ducer Calibrations? A. B. Kaufman and W. & 
Drees. Instruments & Control Systems, Nova 
1959, pp. 1682-1685. Evaluation of calibratiol 
techniques considering various types of instrit 
ments used, such as thermometers, bridges, tem 
perature baths, and allied equipment. 

An Assessment of the Probable Causes @ 
Variation of the Speed-Correction Coefficient @ 
Aircraft Thermometers. D. D. Clark. & 
Brit., ARC R& M 3127 (Sept., 1951) 1959. 17 pp 
ll refs. BIS, New York, $1.17. 

_Ob Izmerenii Temperatury Plameni Optiches 
kimi Metodami. K. Viasov. Teploeners Leaders j 
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Leaders in Missiles / Space Technology — 


BOOSTE, 
R SYSTEMS, ELECTRONICS, GROUND SUPPORT EQUIPMENT, AND 


NUCLEONICS. 


We 


tika, Sept., 


1959, pp. 87-89. 
plication of optical methods to the measurement 


In Russian. Ap- 
of flame temperatures. Includes a comparison of 
theoretical and experimental results. 


Vibration Measuring Devices 


A Stroboscopic Vibration Analyzer. S. Edel- 
man, R. Brooks, S. Saito, E. Jones, and E. R. 
Smith. J. Res., Sect. C - EI, Oct.-Dec., 1959, pp. 
97-103. 11 refs. Description of an instrument 
for studying the amplitude and phase relations 
which exist in complex periodic processes. 


Vibration Pickup Calibration. R.R. Bouche. 
Instruments & Control Systems, Nov., 1959, pp. 
1692, 1693. Description of a method for stand- 
ardizing electrodynamic calibrators for vibration 
pickups measuring displacement, velocity, and 
acceleration. 


Laws & Regulations 


Premesse Scientifiche al Diritto 
G. A. Crocco. Missili, Feb., 1959, pp. 
In Italian. Definition of the legal aspects o] 
space exploration. 


Machine Elements 


Backlash’? Universal Joint. R. 
Stokely. USAF WADCTR59- D 2155361, 
Mar., 1959. 16pp. Study of the problem of pre- 
loading the tapered roller bearings enough to 
eliminate the backlash reducing the tightness or 
breakaway torque to a minimum. 


Bearings 


Consideratii Asupra Cimaticii Lagarelor de 
Rostogolire cu Role in Cazul Ungerii idrodina- 
mice. Al. Nica. Stud. Cerc. Mec. Aplic., No. 2, 
1959, pp. 449-456. In Rumanian, with sum- 
maries in French and Russian. Derivation of ex- 
pressions for the moments and friction coeffi- 
cients in the case of roller bearings with hydro- 
dynamic lubrication. 


Fricti 


Theory of Rolling Friction D. G. 
Flom and A. M. Bueche. Appl. Phys., Nov., 
1959, pp. 1725-1730. 10 refs. Presentation ofa 
theory of rolling friction emphasizing the impor- 
tance of elastic hysteresis losses. 


Zur Theorie der rollenden Reibung. H. 
Bufler. Ing.-Arch., No. 3, 1959, pp. iat 152. 
18 refs. In German. Survey of problems of roll- 
ing friction and derivation of the contact and ad- 
hesion conditions for the two-dimensional state of 
stress and two-dimensional deformation, consid- 
ering various elastic constants of two discs. 


Materials 


Special Issue: Materials Selector—1959-60 
Reference Issue. Materials in Des. Eng., Mid- 
Oct., 1959. 544 pp. Detailed guide comprising 
data on properties of engineering materials, in- 
cluding irons and steels, nonferrous metals, plas- 
tics and rubber, and finishes and coatings; forms 
and shapes of materials; joining and fastening of 
materials; as well as an alphabetical index to 
suppliers. 


Materials for Environmental Extremes. 
George Sideris. Electronics, Dec. 4, 1959, pp. 
81-96. 29 refs. Discussion of materials for 
electronic use considering the thermal, kinematic, 
corrosive, and electromagnetic environments. 

Materials for Gaskets, Packings and Seals. 
R. J. Fabian. Materials in Des. Eng., Manual 
No. 116, Dec., 1959, pp. 111-126. 


Ceramics & Ceramals 


Cermets for Ordnance. J. M. Woulbroun. 
Ordnance, Nov.-Dec., 1959, pp. 501-505. Dis- 
cussion of the properties of various cermet mix- 
tures for high-temperature applications. 


Alumina Radomes by Flame-Spray Process. 
N. Ault and L. H. Milligan. (Am. Ceram. Soc. 
60th Annual Meeting, Pittsburgh, Apr. 30, 1958.) 
Am. Ceram. Soc. Bul., Nov., 1959, pp. 661-664. 
Description of a process to make alumina radomes 
that are highly refractory, dense, strong, and 
impervious. An alumina coating is flame-sprayed 
on aremovable radome-shaped form. The radome 
is then matured to an impervious condition by 
kiln firing. 


Corrosion & Protective Coatings 


Oxidation of Titanium. Tor Hurlen, Hallstein 


Kjgllesdal, Bg Markali, and Nico Norman. 
Cen. Inst. . Res. Final TR (St. 2184), Apr., 
1958. 105. oo. 101 refs. EOARDC-sponsored 
research. 


Oxidation of Niobium. Tor Hurlen, Hallstein 
Kjgllesdal, Joar Markali, and Nico Norman. 
Cen. Inst. Ind. Res. TSN 1 (St. 2490), Apr., 1959. 
122 pp. 75 refs. EOARDC-sponsored research. 


Fluorescent High Visibility Paints for Aircraft. 
J. S. Cowling and F. M. Noonan. Fed. Paint & 
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Aero/Space Engineering + 


Varnish Prod. Clubs Off. Dig., Aug., Pt. 2, 1959, 
pp. 1-16. 


High Temperature 


Some Factors Affecting the Choice of Materials. 

Heath. RAeS J., Nov., 1959, pp. 615-619. 

Study considering how structural efficiency, 

stiffness, creep, and fatigue may affect the choice 

of materials which are suitable for structures 
operating at temperatures up to 500°C. 


More Work for High-Temperature Reinforced 
Plastics. L.H. Shenker. Prod. Eng., Nov. 23, 
1959, pp. 58-61. Discussion of the nature of 
ablation and failure occurrence during the proc- 
ess. Some data on the performance of plastics 
under high temperature service is presented and 
design criteria are outlined. Applications are dis- 
cussed for ballistic nose cones, re-entering satel- 
lites, and solid propellant rocket cases. 


Determination of Factors Governing Selection 
and Application of Materials for Ablation Cooling 
of Hypervelocity Vehicles. I. H. Bonin, Ch. 
F. Price, and D. E. Taylor. USAF WADC TR 
59-87, Pt. I, July, 1959. 131 pp. Discussion of 
heat flow into single and composite slab materials 
for heat sink applications. The development and 
calibration of an air-stabilized arc facility of a 
nominal 1,000 kw. rating is described. Test re- 
sults are given for representative materials ex- 
posed to the arc. 


Flight Test Insulation Studies. A. G. Norem. 
USAF WADC TR 59-9 [AD 208326], Feb., 
1959. 62 pp. Presentation of test results for 
model structures insulated by Refrasil B-100, 
phenolic CT-304 spray coated alumina, and Teflon. 
It is demonstrated that the test vehicle and in- 
strumentation used provided a suitable system for 
the gathering of flight test data on the effect of 
insulating and sublimating materials in restrict- 
ing heat flow into the base structure. 


Thermal Conductivity of Clear Fused Silica at 


High Eomppehwes. K. L. Wray and T. J. 
Connolly. J. Appl. Phys., Nov., 1959, pp. 1702- 
1705. USAF-sponsored measurements made 


over the temperature range of 300° to 2,100°K. 


Metals & Alloys 


Rost Zeren i Polzuchest’ v Metallakh. K. A. 
Osipov. AN SSSR Dokl., Sept. 21, 1959, pp. 
529-531. 13 refs. Im Russian. Discussion of 
the problem of grain growth and creep in metals, 


with reference to previously obtained results. 


How Low Temperatures Affect Nine High 
Strength Alloys. R.L. McGee, J. E. Campbell, 
R. L. Carlson, and G. K. Manning. Materials in 
Des. Eng., Nov., 1959, pp. 106, 107. 

Investigation of Fatigue Properties at Room 
Temperature of High Strength 4 yw High 
Tempering Temperatures. H. ummings, 
F. B. Stulen, and W. C. Schulte. WsaP WADC 
TR59-227, Sept.,1959. 95pp. Test results indi- 
cating that fatigue performance could be im- 
proved by lowering the inclusion content and re- 
stricting the inclusion size to below half a thou- 
sandth of an inch. 

Precipitation in Microscopic Cracks. G. R. 
Pulliam. Am. Ceram. Soc. J., Oct., 1959, pp. 
477-482. 14 refs. USAF-supported discussion 
considering the influence of precipitation from 
solutions on Griffith flaws and their propagation. 

Production Know-How Gaining on Super- 
alloys and Refractory Metals. R. H. Sparling. 
Space/ Aeronautics, Nov., 1959, pp. 54-59. 
Presentation of curves on the mechanical proper- 
ties of commercially available and experimental 
alloys. The state of the art in machining and 
forming is reviewed. 

Influence de la Température sur le Comporte- 
ment Cristallin du Fer Soumis a des Déformations 
par Torsion Alternée. Jacques de Fouquet. 
France, Min. de l’ Air NT 81, 1959. 108 pp. 32 
refs. SDIT, 2 Av. Porte-d’Issy, Paris 15, Frs. 
3,600. In French. Investigation of the effect of 
high temperatures on the structural behavior of 
metals, in particular iron, subjected to torsional 
alternating deformations. 

The Problem of the Quality of Steels Intended 
for Aircraft Construction. A. Rabey. (Docaéro, 
Sept., 1958, pp. 17-24.) Gt. Brit., MA TIL/ 
T4975, June, 1959. ll pp. Translation. 


Metals & Alloys, Nonferrous 


The Lattice Stability of Metals. I—Titanium 
and Zirconium. Larry Kaufman. Acta. Metal- 
lurgica, Aug., 1959, pp. 575-587. 40refs. ONR- 
sponsored research. 


The Effect of Pickling and Anodising on the 
Fatigue Properties of 2L40 and D.T.D. 683 Alu- 
minium Alloys. J. M. Finney. Metallurgia, 
Sept., 1959, pp. 93-101. 14 refs. 

Beryllium as a Structural Metal. I. Aircraft 
& Missiles, Nov., 1959, pp. 12-16. Discussion of 
the fabrication techniques of beryllium, covering 
the purity of powder material, extrusion, sheet 
rolling, and forging and machining methods. 

Design Tips for Joining Beryllium. I— 
— Staff Report. Aircraft & Missiles, Dec., 
1959, pp. 26-28. Discussion concluding that 
brazing is the best joining method; adhesive 
bonding is considered a possibility, welding re- 
sults in cracks. 


February 1960 


Designing with Magnesium. 
siles, Nov., 1959, pp. 18-20. Description of the 
characteristics of magnesium alloys, their work. 
ability, and use in aircraft structures. 

Magnesium in Aeronautics and Nuclear En. 
gineering. I—Properties of Alloys. FE. PR, 
Emley. Light Metals, Oct., 1959, pp. 242-246, 

Magnesium in Aeronautics and Nuclear 


Engineering. II—Fabrication and Production, 


tg Emley. Light Metals, Nov., 1959, pp. 258, 


Tensile Properties of 6Al-4V Titanium-Alloy | 


Sheet Under Ra 
perature Conditions. 
TN D-121, Nov., 1959. 


Nonmetallic Materials 


New Resins Lead Structural Plastics Develop. 
ment. E. J. Zeilberger and J. H. Lieb. Space 
Aeronautics, Nov., 1959, pp. 60-62. Discussion 
of phenyl-silane copolymers, epoxy-novolacs, and 
peracetic acid-type diepoxides presenting material 
structure, fabrication, and application. 

Thermal Degradation of Polymers at High 
coe. S. L. Madorsky and Sidney 
Straus. J. Res., Sect. A - PC, Nov.-Dec., 1959, 
pp. 261-268. i refs. USAF- supported study of 
thermal stability and products of degradation of 
polymers at temperatures up to 850°C 

For High Temperature Operation a Fluid-Re- 
sistant Fluorocarbon Elastomer. A. Stivers, 
F. J. Honn, and L. E. Robb. Ind. & Eng. Chem 
Dec., 1959, pp. 1465, 1466. 


pid-Heating and Constant-Tem. 
H. L. Price. U.S., NASA 
26 pp. 10refs. 


Presentation of prop. | 


erties for an elastomer which resists heat up to | 


600°F. and compression set at 500°F. 


Testing Methods 


Direct Stress Machine for Combined Fatigue 
and Creep Testing. A.H.Meleka. J. Sci. Instr, 
Nov., 1959, pp. 468-471. 

O Tochnosti Mashin dlia Ispytaniia Metalloy 
na Rastiazhenie i Szhatie. V.G. Ulegin. IJzmer 
Tekh., Aug., 1959, pp. 22-24. In Russian. 


Dis. | 


cussion covering the precision of equipment used | 


to test materials for compression and tension. 


Ultra Zvok kot Tehnolo&ko Sredstvo za Obde-| 


lavo Materialov. Franc Gologranc. 
Vestnik, No. 4-5, 1959, pp. 118-126. 


Strojnikki 
In Slovene, 


Further discussion on the application of ultra / 


sonics to metalworking processes. 


Mathematics 


Differential Equations 


Asymptotic Solutions for Differential Equations 
with a Regular Singular Point. K. G. Guderley. 
USAF WADC TR 58-617, Feb., 1959. 78 pp. 


O Nekotorykh Sluchaiakh Vosstanovlenii 
Sobstvennoi Funktsii i Uravneniia po Spektral’n0 
Funktsii. V. B. Uvarov. AN SSSR_ Dokl, 
Sept. 11, 1959, pp. 246-249. In Russian. Anal 
ysis covering certain cases where the characteris 
tic functions of an equation are restored from the 
spectral function. 

Kachestvennoe Issledovanie Sistemy Dvukh 
Differentsial’nykh Uravnenii Metodom ‘‘Dvuki 
Izoklin.’’ S. A. Markosian. MVO SSSR VU 
Izv. Matemat., No. 1, 1959, pp. 114-128. In 
Russian. Development of a method for the quali- 
tative analysis of a system of two differentia 
equations. 

Zadacha Koshi dlia Parabolicheskikh Sistem 
Lineinykh Uravnenii v Chastnykh Proizvodnykh: 
Rastushchimi Koeffitsientami. Ia. I. Zhito 
mirskii. MVO SSSR VUZ Izv. Matemat., No. | 
1959, pp. 55-74. 10 refs. In Russian. Deter 
mination of the existence and uniqueness of the 
Cauchy problem for parabolic systems of partial 
linear differential equations with growing c 
efficients. 


Ob Usloviiakh Sushchestvovaniia Predel’nykh 
Tsiklov. E. A. Barbashin and im A. Tabueva 
Prikl. Mat. i Mekh., Sept.-Oct., 1959, pp. 826 
835. In Russian. Presentation ot a qualitative 
analysis of a second-order nonlinear differentia 
equation. The case of a pendulum is used to illus 
trate the calculation. 


Neskol’ko Teorem ob Uravneniiakh v Chast 
nykh Proizvodnykh s Koeffitsier 
tami. M. S. Agranovichh AN SSSR_ Dokl. 
Sept. 21, 1959, pp. 439-442. 10refs. In Russiat 
Determination of properties of solutions for pat 
tial differential equations with constant c 
efficients and presentation of theorems on the 
existence and construction of general solutions fot 
different classes of functions. 


Priznaki Ogranichennosti Reshenii Nekotorykt 
Sistem Lineinykh Differentsial’nykh Uravneniis 


Chastnymi Proizvodnymi. E. Ia. Melameé 
MVO SSSR VUZ Izv. Matemat., No. 2, 1959, pp 


144-157. In Russian. Determination of th 
boundedness of solutions for certain systems @ 
linear differential equations with partial deriv 
tives. 


Functions & Operators 


Expansion of the Confluent Hypergeometti 
Function in Series of Bessel Functions. Y. | 
Luke. Math. Tables & Aids to Comp., Oct., 1954 


Aircraft & Mis. © 
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pp. 261-271. 18 refs. AFOSR-supported analy- 
sis. 

Integral Shvartsa i Formuly Gil’berta dlia 
Analiticheskikh Funktsii Mnogikh Kompleks- 
nykh Peremennykh. V. A. Kakichev. MVO 
SSSR VUZ Izv. Matemat., No. 2, 1959, pp. 80-93. 
In Russian. Extension of the Schwarz integral 
and Gilbert formulas for analytical functions of 
many complex variables, and presentation of the 
derived results. 

On the Preservation of Classes of Functions. 
A.Zygmund. J. Math. & Mech., Nov., 1959, pp. 
889-895. AFOSR-supported study. 

Asimptoticheskoe Znachenie Priblizheniia Dif- 
ferentsiruemykh Funktsii Lineinymi Polozhitel’- 
nymi Operatorami. R. G. Mamedov. AN 
SSSR Dokl., Sept. 21, 1959, pp. 471-474. I 
Russian. Presentation of general theorems on the 
asymptotic value of the approximation of dif- 
ferentiable functions by linear positive operators. 


O Spektral’noi Ekvivalentnosti Dvukh Opera- 
torov. G.V. Virabian. AN SSSR Dokl., Sept. 1, 
1959, pp. 13-16. In Russian. Determination of 
spectral equivalence of two operators encountered 
in reduced equations describing small oscillations 
of rotating liquids. 

Nelineinye Operatory i Uravneniia Gammer- 
shteina v Prostranstvakh Orlicha. M. M. Vain- 
berg and I. V. Shragin. AN SSSR Dokl., Sept. 1, 
1959, pp. 9-12. 12 refs. In Russian. Develop- 
ment of theorems on the existence and uniqueness 
of solution for a certain nonlinear equation, as 
well as for eigenfunctions of the Hammerstein 
operator in Orlich spaces. 


Numerical Analysis 


On a Mixed Boundary Value Problem for the 
Wave Equation. L. M. Flitman. (Prikl. Mat.i 
Mekh., Nov.-Dec., 1958, pp. 829-832.) PMM— 
Appl. Math. & Mech., No. 6, 1958, pp. 1185-1191. 
Translation. 


The Influence of Critical Boundary Conditions 
on Finite Difference Solutions of Two Point 
Boundary Value Problems. A. R. Mitchell. 
Math. Tables & Aids to Comp., Oct., 1959, pp. 
252-260. Study illustrating by means of ex- 
amples the extent of the disagreement which often 
exists between corresponding exact solutions of 
ordinary differential and difference equations. 

The Isoperimetric Inequality and Associated 
Boundary Problems. W. T. Reid. J. Math. & 
Mech., Nov., 1959, pp. 897-905. AFOSR-sup- 
ported study. 

O Nekotorykh Obratnykh Kraevykh Zadachakh 
dlia Uravnenii Ellipticheskogo Tipa Vysshego 
Poriadka. M.P.Ganin. MVO SSSR VUZ Izv. 
Matemat., No. 2, 1959, pp. 59-68. In Russian. 
Analysis of certain inverse boundary problems 
for higher-order equations of the elliptical type. 


Sufficient Conditions for the Existence of 
Unique Solutions of Inverse Boundary Value 
Problems. V.S.Rogozhin. (Prikl. Mat.i Mekh., 
Nov.-Dec., 1958, pp. 804-807.) PMM—Appl. 
Math. & Mech., No. 6, 1958, pp. 1141-1148. 
Translation. 


Comparison of the Method of Averages with 
the Method of Least Squares: Fitting a Para- 
bola. Morris Morduchow and Lionel Levin. 
(557th Am. Math. Soc. Meeting, New York, Apr. 
es a J. Math. & Phys., Oct., 1959, pp. 


Ob Integral’nykh Uravneniiakh s Iadrom, 
Zavisiashchim ot Absoliutnoi Velichiny Raznosti 
Argumentov, i Konechnym Promezhutkom Iz- 
meneniia Peremennykh. G. A. Grinberg. AN 
SSSR Dokl., Sept. 21, 1959, pp. 450-453. In 
Russian. Analysis covering the solution of inte- 
gral equations with a kernel depending upon the 
absolute value of the difference between the argu- 
ments and a finite interval of variation of the 
variables. 


On a Method of Solution of Integral Equations 
with Large Values of the Parameter. I. A. Bir- 
ger. (Prikl. Mat. i Mekh., Nov.-Dec., 1958, pp. 

, 809.) PMM—Appl. Math. & Mech., No. 6, 
1958, pp. 1149-1152. Translation. 


Ob Odnom Primenenii Uslovii Razreshimosti 
Zadachi Chaplygina k Voprosam Ogranichennosti 
i Ustoichivosti Reshenii Differentsial’nykh Urav- 
nenii. L. F. Rakhmatullina. MVO SSSR VUZ 
Izv. Matemat., No. 2, 1959, pp. 198-201. In Rus- 
sian. Application of solvability conditions for 
the Chaplygin problem to problems of bounded- 
— and stability of solution of differential equa- 

ions. 

Ob Ustoichivosti Reshenii Sistem: 
Odnorodnykh Differentsial’nykh Uravnenii s 
Periodicheskimi (i Drugimi) Koeffitsientami. 
N. P. Erugin. Prikl. Mat. i Mekh., Sept.-Oct., 
1959, pp. 818-825. 12refs. In Russian. Deter- 
mination of the stability of solution for systems of 
linear homogeneous differential equations with 
Periodic coefficients. 


K Voprosu ob Ustoichivosti Reshenii Integro- 
Raznostnykh Uravnenii. L. Kh. Liberman. 
MVO SSSR VUZ Izv. Matemat., No. 1, 1959, pp. 
91-104. In Russian. Determination of the rela- 


Lineinykh 


tionship between the stability of solutions for in- 
tegro-differential and integral difference equations. 
Otsenka Oblasti Skhodimosti Periodicheskikh 
adov-Reshenii Differentsial’nykh Uravnenii s 
alym Parametrom; Sluchai Otsutstviia Rezo- 
R VUZ 


Mansa. Iu. A. Riabov. MVO SSS 


Matemat., No. 2, 1959, pp. 202-212. 10refs. In 
Russian. Definition of the convergence domain 
for periodic series representing the solution of dif- 
ferential equations with a small parameter. The 
case of the absence of resonance is also covered. 


O Skorosti Skhodimosti Metoda_Iteratsii 
Chislennogo Resheniia Uravneniia Elliptiches- 
kogo Tipa. Iuan’ Chzhao-din. MVO SSSR 
VUZ Izv. Matemat., No. 1, 1959, pp. 224-230. 
In Russian. Determination of the speed of con- 
vergence of the iteration method for the numerical 
solution of elliptic equations. 


Physical Applications 


Invariantnye Funktsii Dinamicheskikh Sistem. 
V. A. Baidosov. MVO SSSR VUZ Izv. Mate- 
mat., No. 1, 1959, pp. 9-15. In Russian. Study 
of the properties of invariant functions in a dy- 
namic system. 

On a Boundary Value Problem for the Linear- 
ized Equations of Viscous Flow. S. S. Litvinkov. 
Sov. Phys. - Dokl., Oct., 1959, pp. 280-283. 
Translation. 


The Sante Relativistic Flow of Gas with Axial 
Symmetry (Rotational Case). A Arynov. Sov. 
— - Dokl., Oct., 1959, pp. 267-270. Transla- 
ion. 


Multipole Singularities of Classical Vector and 
Pseudovector Fields. Peter Havas. Lehigh U. 
Inst. Res. Rep. (AFOSR TN 59-479) [ A D 215732}, 
May 25,1959. 45 pp. 16 refs. 


The Application of Some Basic Inequalities for 
Entropy. Juris Hartmanis. Info. & Control, 
Sept., 1959, pp. 199-213. Study based on the as- 
sumption that information is contained in discrete 
time series generated by a stochastic source with 
constant transition probabilities. The analysis is 
made to decide which lower order distribution can 
approximate the statistical properties of the se- 
quences and how good are the approximations. 


On the Generalized Radiation Problem of 
Weinstein. J. L. Lions. J. Math. & Mech., 
Nov., 1959, pp. 873-888. 10 refs. AFOSR-sup- 
ported study. 

K Teorii Kolebanii Kvazilineinykh Sistem s 
Zapazdyvaniem. S. N.Shimanov. Prikl. Mat.i 
Mekh., Sept.-Oct., 1959, pp. 836-844. In Rus- 
sian. Generalization of the theory on the vibra- 
tion of quasi-linear systems to cover the case of 
systems with lag. 


Primenenie Teorii Vychetov k Privedenii 
Uravnenii Sistem Avtomaticheskogo Reguliro- 
vaniia k Kanonicheskim Peremennym. O. I. 
Komarnitskaia. Prikl. Mat. i Mekh., Sept.-Oct., 
1959, pp. 845-850. In Russian. Presentation of 
a method for reducing the equations of automatic 
control systems to canonical variables. 

Nekotorye Svoistva Spetsial’nykh Operatorov, 
Primeniaemykh v Teorii Polzuchesti. M. I. 
Rozovskii. Prikl. Mat. i Mekh., Sept.-Oct., 
1959, pp. 978-980. In Russian. Determination 
of certain properties of specific operators appli- 
cable in the theory of creep. 


Useful Approximations in Wiener-Hopf Prob- 
lems. G. F. Carrier. J. Appl. Phys., Nov., 
1959, pp. 1769-1774. Presentation of a technique 
whereby an easily factored kernel replaces the 
original without serious loss of accuracy. 
Probability, Statistics 

An Introduction to Probability Theory Discrete 
Schemes. F. M. Reza. USAF RADC TN 59- 
129, Aug.,1959. 67 pp. 

On the Regular and Singular Stationary Gen- 
eralized Stochastic Processes. Cheng Shaw- 
Lian. Sci. Rec., Aug., 1959, pp. 352-358. Pre- 
sentation of definitions for the singularity and reg- 
ularity of stationary generalized processes and 
formulation of necessary and sufficient conditions. 

Approximating Probability Distributions to 
Reduce Storage Requirements. P. M. Lewis, 
II. Info. & Control, Sept., 1959, pp. 214-225. 
Study considering the possibility of storing several 
of the lower order component distributions and 
using this partial information to form an approxi- 
mation to the actual high order distribution. 


Topology 


Integral Formulas for Hypersurfaces in Euclid- 
ean Space and Their Applications to Uniqueness 
Theorems. Shiing-Shen Chern. J. Math 
Mech., Nov., 1959, pp. 947-955. 


O Kompleksnom Predstavlenii Invariantov 
Chetyrekhmernogo Rimanova Prostranstva. V. 
V. Vishnevskii and A. P. Norden. MVO SSSR 
VUZ Izv. Matemat., No. 2, 1959, pp. 176-182. 
In Russian. Application of the method of com- 
plex representation for tensors of the four-dimen- 
sional Riemann space to determine the basis for a 
complete system of second-order invariants of 
this space. 

O Kompleksnom Predstavlenii Tensorov Pro- 
stranstva Lorentsa. A. P. Norden. vo 
SSSR VUZ Izv. Matemat., No. 1, 1959, pp. 156- 
163. In Russian. Further study on the complex 
representation of tensors in the Lorenz space. 

Nekotorye Novye Svoistva Poverkhnostei 
Vtorogo Poriadka v Ellipticheskom Prostranstve. 
Nguen Kan Toan. MVO SSSR VUZ Izv. Mate- 
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ROHR 


for the nimble new 

Lockheed JetStar is another 
example of creative engineering 
and production in action. 


To realize the maximum versatility 
built into this high-performance 
transport, it must utilize moderate - 
sized airports. Rohr’s answer to the 
problem was this unique unit 
developing nearly fifty percent 
reverse thrust for short landing 
runs. Working on a tight time 
schedule, Rohr produced a pro- 
totype which passed rigid tests with 
flying colors. The JetStar thrust 
reverser combines light weight, 
economy, simplicity and easy 
maintenance. Important, too: it can 
be adapted to the thrust reversal 
problems of many jet airplanes. Such 
creative engineering and production 
talent has been at work for years 

for Lockheed — and such other 
companies as Boeing, Convair, 
Douglas, McDonnell and 
North American. 
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Official Publication of the Institute of the Aeronautical Sciences, 2 East 64th Street, New York 21, N.Y. 


Volume 5, Number 2 
ACOUSTICS, SOUND, NOISE 


SIMILARITY OF FAR NOISE FIELDS OF JETS. 
Appendix A, B - SIMILARITY RELATIONS. Ap- 
pendix C - EXPERIMENTAL DIFFERENCES AND 
ERRORS. W. L. Howes. US, NASA TR R-52, 
1959. 90 pp. 27 refs. Derivation of similarity 
parameters for far-field noise from subsonic and 
supersonic jets issuing from circular nozzles. 
Relations for the total acoustic power, acoustic- 
power spectrum, acoustic directivity, local mean- 
square-pressure spectrum, and acoustic-pressure 
probability density are considered. Results show 
that subsonic datacorrelated well, as did superson- 
ic data, with the exception of total-power similari- 
ty. Subsonic and supersonic correlations general- 
ly differed only slightly. 


THE NEAR-SOUND FIELD OF TURBULENCE. 
Appendix A - EXPANDED FORM OF EQUATIONS 
FOR MEAN-SQUARE SOUND PRESSURE AND IN- 
TENSITY. Appendix B - VECTOR FORM OF E- 
QUATIONS FOR MEAN-SQUARE SOUND PRES- 
SURE AND INTENSITY. Appendix C - EFFECT 
OF CONVECTION OF TURBULENCE. G. J. Franz 
US, Navy Dept., David Taylor Model Basin, Rep. 
982, Oct., 1959. 34 pp. 24 refs. Derivation of 
general expressions for the velocity potential, par- 
ticle velocity, instantaneous sound pressure, mean 
square sound pressure, and sound intensity for the 
sound generated by turbulence, starting from Light- 
hill's fundamental relations for the density fluctua- 
tions in the medium outside a turbulent region. 

The frequency spectra and directional patterns of 
the sound observed at points in the sound field that 
are much less than a wavelength from a multipole 
sound sources are shown to differ significantly 
from the frequency spectra and directional patterns 
of the sound observed at points in the sound field 


that are many wavelengths from the multiple sound 
sources, 


AN INVESTIGATION OF SOME ASPECTS OF 
THE SONIC BOOM BY MEANS OF WIND-TUNNEL 
MEASUREMENTS OF PRESSURES ABOUT SEV- 
ERAL BODIES AT A MACH NUMBER OF 2.01. 


(17) 
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H. W. Carlson. US, NASA TN D-161, Dec., 1959. 
44 pp. Presentation of test results showing that, 
to the first order, the boom-producing pressure 
rise across the bow shock is dependent on the lon- 
gitudinal development of body area and not on lo- 
cal details. Nonaxisymmetric shapes may be re- 
placed by equivalent bodies of revolution to obtain 
satisfactory theoretical estimates of the far-field 
pressures. 


AERODYNAMICS, FLUID MECHANICS 


Aerothermochemistry, Dissociation, Ablation 


AERODYNAMICALLY HEATED SURFACES - A 
CHEMICAL ANALYSIS. Howard Myers. Aero/Space 
Engrg., Feb., 1960, pp. 34-38, 103. 15 refs. Analy- 
sis of the chemical behavior of ablative missile 
surfaces, including both decomposition reactions 
and mass transfer. In many important cases the 
two processes can be analyzed independently; this 
is particularly true when the process of decom- 
position is clean-cut and well understood chemi- 
cally, asitisinthecase of plastics suchas Teflon. 
The chemical properties of Teflon are used to illus- 
trate the scheme of analysis. However, the method 
of analysis is not restricted to Teflon, but is applica- 
ble to any surface material for which the reaction 
kinetics of decomposition have been established. 


THE HEAT PROTECTION POTENTIAL OF 
SEVERAL ABLATION MATERIALS FOR SATEL- 
LITE AND BALLISTIC RE-ENTRY INTO THE 
EARTH'S ATMOSPHERE, N. S. Diaconis, J. B. 
Fanucci, and G. W. Sutton. G-E MSVD AL TIS 
R59SD423, Sept. ll, 1959. 59 pp. 18 refs. USAF- 
supported analysis of the ablation and thermal pene- 
tration characteristics for three materials, each 
chosen as representative of a distinct category of 
ablators, performed for three specific trajecto- 
ries. In particular, the materials chosen are 


Teflon, graphite, and quartz. It is demonstrated 
that on the basis of high heat flux environments 

(ICBM re-entry), low ablation rate characteristics 
reflected by heats of ablation dominate the choice 
of the material. 


Experimental values of ablation 
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for Teflon and transparent fused quartz agree rea- 
sonably well with theoretical calculations for this 
type of environment. Although large values of 
heats of ablation are indicated for graphite under 
these same conditions, its high backface tempera- 
tures prevent serious consideration as an ablating 
shield material. Only at extremely high heating 
rates does graphite show promise. At low heating 
rates of long duration, (satellite re-entry), heat 
penetration characteristics of the material dictate 
the choice. Experiments for such environments 
show values of heat of ablation for Teflonto be in 
agreement with theory. Comparison of these data 
with results for Teflon at the high heating rates ap- 
pears to verify the trend of a pressure effect on 
the heat of ablation as predicted by Scala. 


METHODS OF PREDICTING LAMINAR HEAT 
RATES ON HYPERSONIC VEHICLES. Appendix 
A - FRACTION OF ENERGY IN DISSOCIATION. 
Appendix B - FLOW PROPERTIES ON A YAWED 


CYLINDER. R. J. Wisniewski. US, NASA TN 
D-201, Dec., 1959. 36 pp. 14 refs. Summarized 


presentation of some theories on laminar heat 
transfer for flow in thermodynamic equilibrium. 

In some cases the effects of frozen flow are in- 
cluded. Emphasis is placed on the proper methods 


coefficients for the charged-charged system in the 
temperature range of 10, 000° to 15, 000°K. 


RECENT ADVANCES IN CHEMICAL KINETICS 
OF HOMOGENEOUS REACTION IN DISSOCIATED 


AIR, W. G. Zinman. G-E MSVD AL TIS 
R59SD426, Sept. 21, 1959. 19 pp. 4l refs. Survey 


of data showing that the kinetics of certain types of 
homogeneous gas: phase reactions should be con- 
sidered in many flow problems involving diatomic 
gases at moderate temperatures. The two general 
types of reactions are indicated -- atom recombi- 
nation and two body:reactions. In general, two 
body reactions are so rapid compared with atom 
recombination that certain equilibrium relations 
will be obeyed in many gas mixtures not in com- 
plete thermodynamic equilibrium. The rate con- 
stants necessary to determine when this can be 
done are given. 


Aerothermodynamics 


STUDY OF THERMAL DISCONTINUITIES AND 
ASSOCIATED TEMPERATURE DISTURBANCES 
IN A SOLID SUBJECT TO A SURFACE HEAT 
FLUX. Il - EFFECT OF SENSORS IN LOW CON- 
DUCTIVITY MATERIAL UPON TEMPERATURE 
DISTRIBUTION AND ITS MEASUREMENT. J. V. 


for obtaining heating rates to hypersonic bodies, 
wings, and control surfaces. The effects of yaw 
and the determination of the inviscid flow field are 
also considered. 


Beck. Avco Res. & Adv. Devel. Div. RAD TR 9 
(7)-59-26, Oct. 12, 1959. 46 pp. USAF~supported s 
analysis of the thermal effects of a high conduc- 


= tivity cylinder placed normal to a heated surface P 
oe NUMERICAL CALCULATION OF ABSOLUTE of a semi-infinite body. The thermal properties fr 
BREMSSTRAHLUNG INTENSITY FOR A FULLY are assumed to be temperature dependent and the fi 

IONIZED FULLY DISSOCIATED HYDROGENIC material is isotropic. It is shown that the tem- 8i 

GAS. G. S. Janes and H. E. Koritz. AvcoEver- perature disturbances calculated for constant in - 

8 


i ett Res. Lab. RR 70 (AFOSR TN 59-1076), Sept., time heat flux can be extended to time-variable 
Sa 1959. 13 pp. Description of numerical calculations heating conditions. The temperature disturbance “ 
made on the IBM 650 using the approximate rela- at a sensor junction in an ablating body may also 
tionships established by Kirkpatrick and Weidmann. be determined, provided a protrusion is not caused 
An expression was developed on the basis of the at the ablating surface. The two main analyses 


following assumptions: (a) the gas is fully ionized 
and dissociated and is composed of atomic hydro- 
gen or deuterium; (b) the ions are assumed fixed 


given are: (a) an approximate analytical steady- 
state solution, including development of a tech- 
nique for solving this problem and extension of the 


1 eS with respect to the electrons; (c) the electron mo- solution to cover the case of a composite thermo- Al 
ere cae tion is completely random, so that as many elec- couple assembly which is inserted in a low-conduc M 
ee a trons are moving in one direction as are moving tivity material; (b) analysis using the IBM 704 in = 
: in any other direction and, as a result, theangular solving the problem expressed as a set of finite 2E 
dependence of the emitted photons is isotropic; difference equations. _ 
and (d) at least electron thermodynamic equilibri- 

um exists in the gas, thus permitting the utilization HEAT-TRANSFER MEASUREMENTS AT A ie 
of the Maxwell-Boltzmann distribution function. MACH NUMBER OF 2 IN THE TURBULENT a 
A calibration method is also developed for meas- BOUNDARY LAYER ON A FLAT PLATE HAVING = 
uring the absolute bremsstrahlung intensities, A STEPWISE TEMPERATURE DISTRIBUTION. a 
which continually compensates for the errors pre- R. J. Conti. US, NASA TN D-159, Nov., 1959. al 
sent in most calibration procedures. 27 pp. 12 refs. Experimental investigation to de- a 
: termine the effects of a step in wall temperature pie 
te TRANSPORT PROPERTY EQUATIONS FOR upon the heat-transfer characteristics of a turbu- M; 
ea PARTIALLY IONIZED GASES. C. W. Baulknight. lent, compressible boundary layer along a flat pr 
ee G-E MSVD AL TIS R59SD428, Oct. 18, 1959. 12 pp plate. A transient heating technique is used for the 
li refs. USAF-supported theoretical investigation the measurements made under near-equilibrium via 
considering two types of systems: Type lis a sys- conditions. The wall-temperature step caused gi 
— tem of charged-charged particles and the Coulomb’ sharp increases in heat-transfer coefficient down- the 
interaction potential is assumed; in type I, the stream of the step, which were followed by a rapid the 
ee system is composed of both charged and uncharged decay. A maximum increase of 90% was measured Nu 
y particles ~ i.e., Nt + N, and potential is and generally good agreement with a theory by tes 
s assumed. Some typical results are presented for Ferrari was found. The application of the theory ue 

a the diffusion, viscosity, and thermal conductivity is analyzed, and it is shown that for these test 
(1s) (19) 
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conditions the heat-transfer coefficient given by 
Ferrari's theory is essentially the same as that 
predicted by means of incompressible flow theory. 


EXPERIMENTAL INVESTIGATION OF METAL 
TEMPERATURES OF AIR-COOLED AIRFOIL 
LEADING EDGES AT SUBSONIC FLOW AND GAS 
TEMPERATURES UP TO 2780°F. F. S. Stepka 
and H. T. Richards. US, NASA TN D-127, Nov., 
1959. 32 pp. 17 refs. Description of tests made 
on three configurations of internally cooled airfoil 
leading edges to determine their cooling charac- 
teristics and the effect of afterbody temperature 
on leading-edge temperature. A method for cor- 
relating the average leading-edge metal tempera- 
tures is presented. The experiments were con- 
ducted over a range of total gas temperatures 
from 1, 660°F. to 2, 780°F. and a range of after- 
body reference temperatures from 600°F. to 
1,675°F. 


ANALYSIS OF TEMPERATURE DISTRIBUTION 
AND RADIANT HEAT TRANSFER ALONG A REC- 
TANGULAR FIN OF CONSTANT THICKNESS. 
Seymour Lieblein. US, NASA TN D-196, Nov., 
1959. 60 pp. Theoretical analysis of the one- 
dimensional steady-state radiant heat-transfer 
characteristics of rectangular fin plates of con- 
stant thickness with uniform heat source along the 
leading edge. Calculations of the variation of tem- 
perature and radiating effectiveness with distance 
from the heat source are made for infinite- and 
finite-length plates over a wide range of ratios of 
sink-to-source temperatures. Application of the 
solutions to a variety of environmental conditions 
is made possible through the determination of an 
equivalent sink temperature for the environment. 
Design parameters for minimizing plate volume 
are derived, and application of results to practical 
radiator considerations is indicated. 


WALL TEMPERATURE AND HEAT TRANS- 
FER OF A FLAT PLATE IN THE SLIP FLOW. 
Akira Takano. (Japan Soc. Aero. & Space Sci. 
Meeting, Oct. 20, 1958.) Japan Soc. Aero. & 
Space Sci. Trans., No. 2, 1959, pp. 11-21. Solu- 
tion of an approximate equation, based on the 
boundary layer perturbation theory obtained pre- 
viously, subject to the boundary conditions on 
the surface. The relation between the equilibrium 
wall temperature and the surface temperature of 
a gas is obtained and found to be a function of the 
free stream Mach Number and the ratio of wall 
temperature to that of the free stream. The char- 
acter of the heat transfer in a rarefied gas is also 
studied on the basis of the kinetic theory for a nom 
Maxwellian gas and the present boundary layer ap 
proximation. In the general case, the heat flux to 
the surface is shown to result from the tempera- 
ture jump at the surface, the slip flow along the 
surface, and the temperature gradient normal to 
the surface. In the boundary layer approximation, 
the coefficient of heat transfer and the Stanton 
Number are the same as those of the free molecu- 
lar flow when the wall temperature is different 
from thz.t at equilibrium. 


(19) 


ON MASS TRANSFER AND SHOCK-GENERAT- 
ED VORTICITY. I - AXISYMMETRIC FLOW. 
Il - CYLINDRICAL FLOW. H. Hoshizaki. 
Lockheed Aircraft Missiles & Space Div. TN 


LMSD-49721; LMSD-288075, May 22; Nov., 1959. 
35; 29 pp. 20 refs. Analysis of the effects of 
shock-generated vorticity and mass transfer on 
stagnation-point heat transfer rates. The complete 
incompressible Navier-Stokes equations are con- 
sidered in the flow region between the bow shock 
and the surface of spheres and cylinders. Numeri- 
cal results are presented for a sphere, a cylinder, 
and a yawed infinite cylinder. The solutions are 
obtained for Reynolds Numbers between 500 and 
10,000, four different values of the density ratio, 
and three values of the injection rate parameters. 
Results are presented in terms of the shock-layer 
velocity, temperature and vorticity profiles, shock- 
detachment distances, and Nusselt Numbers. It 
is concluded that the effect of shock-generated 
vorticity in increasing heat transfer rates over 
boundary-layer theory values is enhanced by mass 
injection into the shock-layer. The effectiveness 
of this mass injection in reducing aerodynamic 
heating is decreased by the vorticity generated by 
a curved shock wave. The effect of shock-generat- 
ed vorticity on heat transfer is little affected by 
yaw. 


AN EXPERIMENT ON THE INSULATING PROP- 
ERTIES OF BOUNDARY LAYERS. F. H. Durgin. 
MIT NSL TR 218 (AFOSR TN 57-392) [AD 132467], 
July, 1959. 140 pp. 54 refs. Theoretical and ex- 
perimental investigation to determine which of 
several theories is best able to predict the insu- 
lating properties of the boundary layer. The mod- 
el is a cone having the forward half cooled uniform- 
ly to about 100°F. below recovery temperature. 
The aft half is made of a good thermal insulator 
and is instrumented so that its temperature distri- 
bution could be measured. The cone is tested at 
a Mach Number of 3.5 and at Reynolds Numbers of 
1.18 x 106 and 4.13 x 106 per ft. for the laminar 
and turbulent layers, respectively. Theoretical 
methods due to Baron, Lighthill, and Libby and 
Morduchow are used to predict the temperature 
decay over the aft part of the cone for the laminar 
case. Lighthill's theoretical results are in very 
close agreement with the experimental results. 
Methods due to Seban, Rubesin, and Hill are applied 
to the turbulent case. The experimental results 
fall about halfway between the predictions of Seban 
and Rubesin. 


Boundary Layer 


EFFECTS OF INTERACTION BETWEEN 
BOUNDARY LAYERS AND EXTERNAL STREAM 
AND OF INCIDENCE ON BOUNDARY-LAYER 
DRAG AT SUPERSONIC SPEEDS. A. D. Young 
and S. Kirkby. Gt. Brit., ARC CP 45l, 1959. 67 
pp. 15 refs. BIS, New York, $1.62. Determina- 
tion of the boundary-layer drag of biconvex wing 
sections at supersonic speeds with zero heat trans- 
fer for a range of thickness-chord ratio up to 0.1, 
mainstream Mach Number up to 5.0, Reynolds 
Number, and transition position. Previous results 
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are extended and improved by allowing for the in- 
teraction of boundary layer and external stream, 
insofar as the resulting changes in the external 
pressure dristribution modify the skin friction dis- 
tribution. Calculations are also made of the effect 
of incidence (up to 10°) on the boundary-layer drag 
of a flat plate. Included is an analysis of the ef- 
fects on skin friction and boundary-layer pressure 
drag distribution of the main parameters investi- 
gated and, in particular, of the changes which ac- 
company the increase in Mach Number. These 
changes are shown to be related to the changes in 
local free-stream Mach Number distribution and 
the associated changes in local free-stream densi- 
ty x velocity (P, 44). Tables presenting the de- 
tailed results are given along with figures sum- 
marizing the effects of thickness-chord ratio and 
incidence on boundary-layer drag. 


TRANSITION IN A SEPARATED LAMINAR 
BOUNDARY LAYER. B.H. Lochtenberg. J. 
Aero/Space Sci., Feb., 1960, pp. 92-96. Investi- 
gation of transition in the flow past a step, with 
special reference to the boundary-layer flow above 
airfoil bubbles. Results show that transition in a 
separated laminar boundary layer is initiated by 
the formation of Tollmien-Schlichting waves. In- 
stability develops more rapidly in a separated than 
in an attached boundary layer. The breakdown to 
turbulence in a separated layer is brought about 
by either a wave or a burst mechanism. The wave 
mechanism consists of the amplification, distortion, 
and breaking up of the Tollmien-Schlichting waves. 
The burst mechanism consists of the appearance 
and growth of spots of turbulence. Transition de- 
velops more rapidly with the burst than with the 
wave breakdown. Owen's criterion for long or 
short bubbles is shown to be insufficient to deter- 
mine reattachment. It is suggested that a short 
bubble is the result of a burst type transition in 
the separated layer, and a long bubble is caused 
by the slower developing wave-type transition. 


THE APPLICATION OF SUCTION TO A TWO- 
DIMENSIONAL LAMINAR SEPARATION BUBBLE. 
F. M. Burrows and B. G. Newman. Miss. State 
U. Aerophys. Dept. Res. Rep. 27, Oct. 1, 1959. 
61 pp. ll refs. Army-Navy-supported investiga- 
tion of the effect of suction or blowing through a 
perforated surface in the vicinity of a laminar 
separation bubble. The bubble was produced at a 
sharp corner on one wall of a small wind tunnel 
and the tests were made at a low Mach Number 
under effectively two-dimensional conditions. It 
is found that the size of the bubble and the thick- 
ness of the boundary layer downstream are both 
reduced by increasing the suction and are similar- 
ly increased by much smaller amounts of blowing. 
Five different distributions of transpiration were - 
tested and the various parameters describing the 
turbulent boundary layer downstream of reattach- 
ment are found to depend on the total quantity of 
flow removed and to be very nearly independent of 
the distribution itself. The measured values of 
pressure rise in the region of reattachment are 
roughly in agreement with a simple momentum 
analysis which includes the effect of transpiration. 
It is concluded that the application of suction near 
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a short bubble on a high-lift wing will, in general, 
be beneficial unless the possible forward move- 
ment of the separation point leads to the formation 
of a long bubble. 


APPROXIMATE CALCULATIONS OF THE 
LAMINAR BOUNDARY LAYER WITH SUCTION, 
WITH PARTICULAR REFERENCE TO THE SUC- 
TION REQUIREMENTS FOR BOUNDARY-LAYER 
STABILITY ON AEROFOILS OF DIFFERENT 
THICKNESS/CHORD RATIOS. I, Il. M. R. Head. 
Gt. Brit., ARC R&M3124, 1959. 19 pp. BIS, New 
York, $1.26. Application of a previously develop- 
ed method to problems where suction is applied 
through the surface. Solutions are given for the 
following cases: (a) flat plate with uniform suction 
and sinusoidal variation of external velocity, (b) 
flat plate with intermittent suction, (c) suction ap- 
plied following the normal separation point to main- 
tain a zero skin-friction layer for the flow U = l-x, 
and (d) flat plate with uniform blowing. Results 
are given of comprehensive calculations for a se- 
ries of airfoils with related pressure distributions, 
The distributions of suction required to maintain 
neutral stability of the boundary layer are given 
as functions of thickness/chord ratio and Reynolds 
Number. The effect of Mach Number is also in- 
ferred on certain simplifying assumptions. 


THE INFLUENCE OF THE GROUND ON THE 
AERODYNAMIC PROPERTIES OF AN AIRFOIL 
WITH JET FLAP, W. J. Prosnak and P. Kuchar- 
czyk. Arch. Mech. Stosowanej, No. 4, 1959, pp. 
475-509. 12 refs. Analysis considering the prob- 
lem of whether the jet flap in the proximity to the 
ground preserves its ability to increase lift over 
the airfoil. The image profile is used to construct 
the complex potential corresponding to the flow 
past the two jet-flap profiles. The aerodynamic 
coefficients are then calculated for one profile of 
the pair. The results show that if the ratio § = 
1/h (1 being the chord and h the distance from the 
ground) is two, the lift of a profile without jet flap 
increases by about 15% to 30%, and the efficiency 
of the jet flap by about 8% to 50%, smaller values 
corresponding to greater angles of incidence 
(« = 10°) and greater ones to smaller angles of 
incidence (Q& = 2°), 


AN APPROXIMATE METHOD OF CALCULAT- 
ING THE LAMINAR BOUNDARY LAYER IN TWO- 
DIMENSIONAL INCOMPRESSIBLE FLOW. M. R. 
Head. Gt. Brit., ARC R&M 3123, 1959. 53 pp. 
27 refs. BIS, New York, $3.60. Development of 
an approximate method using a doubly-infinite 
family of boundary-layer velocity profiles which en- 
ables the momentum and energy integral equations 
of the boundary layer to be satisfied exactly, to- 
gether with the first compatibility condition of the 
surface. The principal characteristics of the ve- 
locity profiles used have been calculated and are 
presented graphically in a series of charts which 
enable calculations to be carried out with a mini- 
mum of labor. No important restrictions on the 
application of the method have appeared; in partict 
lar, it has been found possible to deal with certain 
types of flow giving rise to similar profiles and 
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with distributed suction starting either at the lead- 
ing edge or at some point downstream. 


Control Surfaces 


LIFT AND DRAG CHARACTERISTICS AT SUB- 
SONIC SPEEDS AND AT A MACH NUMBER OF 
1.9 OF A LIFTING CIRCULAR CYLINDER WITH 
A FINENESS RATIO OF 10. V. E. Lockwood and 
L. W. McKinney. US, NASA TN D-170, Dec., 
1959. 21 pp. Description of a wind-tunnel investi- 
gation made to determine the feasibility of using 
small flaps to develop lift for possible re-entry 
application. Several full-span flaps attached nor- 
mal to the lower surface of the cylinder and vary- 
ing in chord from 0,004- to 0.300-diam. were 
used as lift-generating devices. Most of the tests 
were made with the flaps at the 50%-chord station, 
but in others the chordwise location was one of the 
variables. Results indicate that lift could be gen- 
erated throughout the range of Mach Numbers in- 
vestigated; for flaps located at the 50%-chord sta- 
tion, increases of flap size up to 20% of the cylin- 
der diameter give increases of lift coefficient, a 
maximum of 1.63 being obtained at a MachNumber 
of 0.3; the lift effectiveness of all flaps decreases 
rapidly above a Mach Number of about 0.3, but is 
positive for all Mach Numbers ofthe investigation 
when the flap chord is 5% or greater; the drag of 
a lifting circular cylinder increases rapidly at sub- 
critical Mach Numbers as the flap chord is in- 
creased, but at a Mach Number of 1.9 the drag of 
the cylinder with the 10%-chord flap is only about 
7% higher than that of the nonlifting cylinder. 


Flow of Fluids 


NON-EQUILIBRIUM FLOW OVER A WAVY 
WALL, W.G. Vincenti. J. Fluid Mech., Nov., 
1959, pp. 481-496. ll refs. Presentation of a 
srnall-disturbance solution for the steady two-di- 
mensional flow over a sinusoidal wall of an invis- 
cid gas in vibrational or chemical nonequilibrium. 
The results are based on a single, linear, third- 
order partial differential equation. The solution 
is valid throughout the range from subsonic to su- 
personic speeds and for all values of the rate pa- 
rameter from equilibrium to frozen flow. The re- 
sults illustrate some of the properties of nonequi- 
librium flow, such as the occurrence of pressure 
drag at subsonic speed and the absence of the dis- 
continuous phenomena that characterize the 
Prandtl-Glauert theory when the flow changes 
from subsonic to supersonic, 


ON THE STABILITY OF A SHEAR LAYER. 
J. Menkes. J. Fluid Mech., Nov., 1959, pp. 518- 
522, Analysis on the effects of density variation 
in the absence of gravity on the stability of a hori- 
zontal shear layer between two streams of uniform 
velocities. The density is assumed to decrease 
exponentially with height and the velocity is repre- 
sented by U(y) = tanh y. The method of small dis- 
turbances is used to obtain the neutral stability 
curve, It is demonstrated that disturbances with 
wave numbers larger than the width of the transi- 
tion layer are attenuated. Qualitative agreement 
with experimental evidence is obtained. 


(21) 


WORKING CHARTS FOR RAPID PREDICTION 
OF FORCE AND PRESSURE COEFFICIENTS ON 
ARBITRARY BODIES OF REVOLUTION BY USE 
OF NEWTONIAN CONCEPTS. R. W. Rainey. US, 
NASA TN D-176, Dec., 1959. 36 pp. Presentation 
of a simplified method for obtaining loading, or 
pressure, distributions and aerodynamic charac- 
teristics of arbitrary bodies of revolution. The 
equations are presented in such a form as to facili- 
tate an investigation of the effects of Mach number 
variation and changes in specific heat ratio upon 
the aerodynamic characteristics. 


PRESSURE AND FORCE CHARACTERISTICS 
OF NONCIRCULAR CYLINDERS AS AFFECTED 
BY REYNOLDS NUMBER WITH A METHOD IN- 
CLUDED FOR DETERMINING THE POTENTIAL 
FLOW ABOUT ARBITRARY SHAPES. E. C. 
Polhamus, E. W. Geller, and K. J. Grunwald. 
US, NASA TR R-46, 1959. 78 pp. 13 refs. De- 
scription of theoretical studies and low-speed wind 
tunnel measurements, including the effect of Reyn- 
olds Number and the flow incidence for various el- 
liptical and basically square and triangular cross 
sections investigated in the Reynolds Number 
range from approximately 0.3 x 106 tol. 5 x 106, 
All cross sections exhibited rather large Reynolds 
Number effects, particularly with regard to side 
force. The type of flow associated with the large 
variations in side force was determined for two of 
the cross sections by comparing the experimental 
and theoretical pressure distributions. Applica- 
tion of the data in predicting the spin characteris- 
tics of fuselages is briefly discussed. 


MEASUREMENTS OF PRESSURE AND LOCAL 
HEAT TRANSFER ON A 20° CONE AT ANGLES 
OF ATTACK UP TO 20° FOR A MACH NUMBER 
OF 4.95. J. D. Julius. US, NASA TN D-179, 
Dec., 1959. 28 pp. 13 refs. Presentation of data 
on the distribution of pressure and local heat 
transfer on an included-angle cone obtained in a 
Reynolds number range of 14 x 10” to 75 x 106 per 
foot, based on free-stream conditions. The meas- 
ured pressures are compared with the first-order 
and second-order approximations of exact cone 
theory and with Newtonian and modified Newtonian 
theory. The heat-transfer rates along the most 
windward generator of the cone increased with in- 
creasing angle of attack; heat transfer was greatest 
along the most windward generator, 9 = 0°, when 
the flow was wholly laminar. When transition was 
observed, the #= 30° generator generally showed 
the highest heat transfer. 


INVESTIGATION OF THE FLOW OVER A 
SPIKED-NOSE HEMISPHERE-CYLINDER AT A 
MACH NUMBER OF 6.8. D. H. Crawford. US, 
NASA TN D-118, Dec., 1959. 59 pp. 30 refs. 
Study of the shape and nature of the flow over a 
spiked-nose hemisphere-cylinder for a Reynolds 
number range of 0.12 x 106 to 1.5x 106. Schlieren 
photographs show the effect of varying the spike 
length and Reynolds number upon the shape of the 
separated boundary and upon the location of transi- 
tion. The heat transfer and pressure distribution 
over the body are correlated with the location of 
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the start of separation, the location of reattach- 
ment, and the location of the start of transition. 


OBTEKANIE KONUSA VIAZKIM TEPLOPRO- 
VODNYM GAZOM S BOL'SHIMI SVERKHZVUKO- 
VYMI SKOROSTIAMI. V. V. Lunev. Prikl. Mat. 
i Mekh., Nov.-Dec., 1959, pp. 1006-1018. 12 refs. 
In Russian. Study of the flow of viscous, heat- 
conducting gas around a cone with zero angle of at- 
tack at high supersonic velocities. The region of 
turbulent flow is divided into two separated sub- 
regions: (a) viscous, in which the flow is assumed 
to be laminar and described by boundary-layer e- 
quations; (b) nonviscous, in which the flow is rep- 
resented by the equations of ideal gas. Only the 
case of interaction is considered - i.e., the flow 
region sufficiently removed from the cone nose. 
The basic solution is that of the equation of the in- 
finitely thin boundary layer over the cone, reduced 
to the problem of plates, and the tabulated conical 
flow of ideal gas. The surface of the cone is as- 
sumed to be isothermal and heat insulated. 


HYPERSONIC SHOCK-LAYER THEORY OF A 
YAWED CONE AND OTHER THREE-DIMENSION- 
AL POINTED BODIES. H. K. Cheng. Cornell 
Aero. Lab. Rep. (USAF WADC TN 59-335), Oct., 
1959. 60 pp. 33 refs. Application of the shock- 
layer approximation in conjunction with small per- 
turbations in the yaw angle to the problem of hy- 
personic flow over yawed circular cones. The 
basic problem of nonuniform validity related tothe 
small-perturbation procedure is examined, and a 
uniformly valid first-order solution is obtained, 
providing an explicit description of the shock-layer 
structure and exhibiting a vortical sublayer near 
the base of the shock layer. Analytic formulas for 
pressure and circumferential velocity are given to 
the second-order approximation which includes the 
nonlinear yaw effect. A study of three-dimension- 
al hypersonic flows is also made within the frame- 
work of the shock-layer theory, covering the prop- 
erties of the flow field within the shock layer; cer- 
tain behavior of the flow field in the immediate vi- 
cinity of a pointed, but otherwise arbitrary, boay; 
the streamline pattern on the surface; the vertical 
sublayer near the inner edge of the shock layer; 
and the enthalpy and flow speed. 


EQUATIONS AND CHARTS FOR DETERMINING 
THE HYPERSONIC STABILITY DERIVATIVES OF 
COMBINATIONS OF CONE FRUSTUMS COMPUT- 
ED BY NEWTONIAN IMPACT THEORY. L. R. 
Fisher. US, NASA TN D-149, Nov., 1959. 33 pp. 
Presentation of equations and charts from which 
the Newtonian impact theory values of the stability 
derivatives of cone frustums may be determined 
for small angles of attack. A procedure is also 
developed for estimating by means of the impact 
theory the coefficients for a missile shape which 
is made up of more than one cone frustum or a 
spherical nose together with one or more cone 
frustums. 


SUPERSONIC FLOW PAST A FAMILY OF 
BLUNT AXISYMMETRIC BODIES. M. D. Van 
Dyke and H. D. Gordon. US, NASA TR R-1, 1959. 
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25 pp. 14 refs. Supt. of Doc., Wash., $0.35. 
Description of a number of numerical computations 
carried out for unyawed bodies of revolution with 
detached bow waves. The gas is assumed perfect 
with ¢ = 5/3, 7/5, orl. Free-stream Mach num- 
bers are taken as 1.2, 1.5, 2, 3, 4, 6, 10, and o. 
The results are presented in summarized form, 
with emphasis on those obtained for the sphere and 
the paraboloid. 


EXPERIMENTS WITH INCLINED BLUNT- 
NOSED BODIES AT Mp = 2.45. I. M. Hall, E. W. 
E. Rogers, and B. M. Davis. Gt. Brit., ARC 
R&M 3128, 1959. 28 pp. 22 refs. BIS, New York, 
$1.80. Investigation of flows about flat-nosed and 
hemispherical-nosed bodies of revolution at inci- 
dences up to 28°, Schlieren photographs were 
taken in the plane of symmetry, and the vortex wake 
was studied by the vapor-screen technique. The 
vortex wake tended to remain stable to higher in- 
cidences than had been found for pointed-nosed 
bodies. Instability was first observed at incidences 
of 15°, and was more pronounced in the wake of the 
flat-nosed body. Surface-pressure measurements 
were made, and the results integrated to give the 
axial forces and the distribution of normal forces 
on the bodies. 


SLENDER-BODY THEORY BASED ON AP- 
PROXIMATE SOLUTION OF THE TRANSONIC 
FLOW EQUATION. J. R. Spreiter and A. Y. 
Alksne. US, NASA TR R-2, 1959. 54 pp. 43 refs, 
Supt. of Doc., Wash., $0.55. Derivation of ap- 
proximate solutions for the pressure distribution 
on pointed slender bodies of revolution for flows 
with a free-stream Mach number of 1, and for 
flows that are either purely subsonic or purely 
supersonic. A method based on local linearization 
introduced recently in the analysis of similar prob 
lems in two-dimensional flow, is used in the cal- 
culation. The theory is developed for bodies of 
arbitrary shape, and specific results are givenfor 
cone-cylinders and for parabolic-arc bodies at 
zero angle of attack. Also included is a compari- 
son of the derived results with existing theoretical 
and experimental data. 


THE FLOW PAST A CLOSED BODY IN A HIGH 
SUBSONIC STREAM. J. B. Helliwell. Quart. J. 
Mech. & Appl. Math., Aug., 1959, pp. 298-313. 
USAF -sponsored solution of Tricomi's equation 
for the flow past a thin, doubly symmetric body 
placed at zero incidence in a high subsonic stream 
in which sonic velocity is attained along a segment 
of the body. This flow is the compressible analog 
of the Riabouchinsky model for incompressible 
fluids. The singularity in the hodograph plane, 
corresponding to the point at infinity in the physi- 
cal plane, is essentially different from that which 
occurs in other similar problems. The boundary 
value problem is of amixedtype, and this is shown 
to Jead to a pair of dual integral equations for 
which the solution is obtained. Numerical results 
are given which specify the dimensions of the body 
corresponding toa range of incident Mach Numbers. 


A REVIEW OF THE LITERATURE OF PLASMA 
PHYSICS. E. E. Covert and Keith Kerney. MIT 
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NSL TR 373 (USAF WADC TR 59-486), July, 1959. 
176 pp. 670 refs. Discussion of the level of de- 
velopment of plasma physics. It is found that the 
present theories account for the experimental ef- 
fects if (1) the plasma is sufficiently dense that the 
time between collisions is small compared to the 
time an atom stays in the excited state, but is suf- 
ficiently rare that the volume of the particles 
making up the plasma is very much smaller than 
the volume of plasma; (2) the potential energy be- 
tween particles is the sum of the particles" poten- 
tial energy; and (3) the excitations are sufficient- 
ly weak, or the duration of the event is sufficient- 
ly short, that linearized theories are applicable. 


PLASMA DYNAMICS. F. H. Clauser. Johns 
Hopkins U. Dept. Aero. Rep. (AFOSR TR 59-125), 
Aug., 1959. 75 pp. Study of one-dimensional, 
steady flow of a gas consisting of particles all 
having the same sign of their electrical charge. 
The question of what dynamic equations govern 
such flow is discussed. The full range of behavior 
from zero MachNumber to infinite Mach Number 
is explored as is the full range of the effect of ex- 
ternal electric fields on the flow. It is found that 
the nonlinearity of the equations introduces several 
fundamental new concepts to fluid mechanics. It 
is also found that under some conditions a number 
of radically different flows can exist for exactly 
the same set of boundary conditions. Under other 
conditions, no flows whatever exist that fit the 
boundary conditions. 


PLASMA ACCELERATION BY USE OF GUIDED 
MICROWAVES. R. V. Hess and Karlheinz Thom. 
US, NASA TN D-46, Dec., 1959. 46 pp. 16 refs. 
Evaluation of a method of plasma acceleration 
using the radiation pressure of microwaves inten- 
sified in a resonant cavity as the driving pressure, 
When used to accelerate the plasma, the radiation 
can be compared to a gas which, however, is almost 
free of inertia and can expand with a velocity ap- 
proaching the velocity of light. 


ON A LAMINAR FREE-CONVECTION FLOW 
AND HEAT TRANSFER OF ELECTRICALLY CON- 
DUCTING FLUID ON A VERTICAL FLAT PLATE 
IN THE PRESENCE OF A TRANSVERSE MAG- 
NETIC FIELD. Yasuo Mori. Japan Soc. Aero. & 
Space Sci. Trans., No. 2, 1959, pp. 22-26. Study 
of the effect of a magnetic field on velocity profile, 
temperature profile, and heat transfer rate. The 
boundary layer equations for self-preserving flows 
are integrated numerically for the Prandtl Num- 
ber of unity. A similarity solution exists if the 
magnetic field intensity varies accordingto #1/4 
power of the distance from the leading edge of the 
plate. The nondimensional quantity given by the 
product of the magnetic parameter and the distance 
from the leading edge expresses the effectiveness 
of the magnetic field. It is found that the velocity 
profile is flattened and the heat transfer rate is 
reduced by the magnetic field. 


GIPERZVUKOVOE OBTEKANIE TEL V MAG- 
NITNOI GIDRODINAMIKE. M. D. Ladyzhenskii. 
Prikl, Mat. i Mekh., Nov.-Dec., 1959, pp. 993- 


(23) 


. diffusivities to approach zero, and approximate 


1005. In Russian. Study of the hypersonic flow 
around bodies with an internally generated magnet- 
ic field in order to determine the influence of the 
strong applied magnetic field on the overall flow 
characteristics. The flow around wedges and ~ 
cones is considered in detail for the case when the 
magnetic field intensity vector is directed normal 
to the surface of the body. The method of solution 
is based on the assumption of a narrow turbulent 
zone between the body and the shock wave. The 
forces acting upon the body are determined, and it 
is found that, in the case of sufficiently strong 
fields, the magnetic resistance has the same order 
of magnitude as the gasdynamic force, regardless 
of the narrowness of the turbulent zone affected by 
the magnetic field. It is shown that, under certain 
conditions, flow separation can occur, and the lo- 
cation of the point on the surface of the body over 
which magnetic separation occurs is determined. 
With increasing field intensity this point is dis- 
placed upstream and, by using strong fields, it 
becomes possible to generate regions of separation 
in the vicinity of bodies, thus leading to an increas- 


ed drag and, hence, decreased heat transfer to the 
body. 


A STUDY OF THE STRUCTURE OF THE MAG- 
NETOHYDRODYNAMIC SWITCH-ON SHOCK IN 
STEADY PLANE MOTION. Z. O. Bleviss. 
Douglas Rep. SM-23720, Oct., 1959. 33 pp. 10 
refs. Analysis of the steady magnetohydrodynamic 
switch-on shock wave for several order-of-magni- 
tude orderings of the four diffusivities involved in 
the problem. The various orderings are approxi- 
mated by allowing one or more of the appropriate 


solutions that are uniformly valid to order unity 
are sought. In general, singular perturbation prob 
lems are encountered, the number of them (from 
zero to a maximum of three) depending upon the 
ordering of the diffusivities and the magnitude of 
the downstream velocity normal tothe shock rela- 
tive to certain critical velocities downstream of 
the shock. For most of the cases considered, the 
limiting forms of the integral curves are deter- 
mined and are sketched in appropriate three-di- 
mensional phase spaces. 


ZADACHA O PORSHNE V MAGNITNOI GIDRO- 
DINAMIKE. G. Ia. Liubarskii and R. V. Polovin. 
AN SSSR Dokl., Oct. 1, 1959, pp. 684-687. 13 
refs. In Russian. Qualitative analysis of the gen- 
eral piston problem in magnetohydrodynamics 
covering the case of constant speed. The infinite 
half-space x > 0 is filled with an ideally conduct- 
ing liquid located in a magnetic field and at rest 
at the time t= 0. The state of the liquid is char- 
acterized by the density ® , pressure p, , and 
components of the magnetic field H,, Hoy » Hoz = 
0. The presence of two types of magneto-acoustic 
waves separated by constant flow regions is shown, 
The formula defining discontinuities in wave densi- 
ty is also given. 


SOME FURTHER RESULTS ON HEATING A 
SUPERSONIC GAS STREAM WITH A RADIO FRE- 
QUENCY DISCHARGE, F. O. Smetana. USCEC 
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Rep. 56-207 (AFOSR TN 59-1127), Nov. 1, 1959. 

16 pp. Investigation of r-f discharge heating of a 
supersonic gas stream. Temperature increases of 
at least 600°F. were recorded, although the pres- 
sure of strong electrical fields made it extremely 
difficult to interpret temperature indications. The 
action of the ionized gas and the strong field limits 
the type of material which may be used for nozzle 
materials. Qualitative indications of the decay of 
active species, N-N recombination, wall heating, 
effect of pressure, nozzle configuration, and elec- 
trode configuration were also obtained. 


CONTINUUM EQUATIONS IN THE DYNAMICS 
OF RAREFIED GASES, Max Krook. J. Fluid 
Mech., Nov., 1959, pp. 523-541. Presentation of 
a procedure for translating boundary-value prob- 
lems of gas dynamics from microscopic form into 
approximately equivalent continuum form. The 
continuum formulations involve state-variables that 
are either half-space moments or complete mo- 
ments of the molecular distribution functions. Mo- 
ment equations derived from the kinetic equations 
are reduced to a determinate set by representing 
the distribution functions as sums of "modified 
Maxwellian functions based on various character- 
istic temperatures and velocities."" The particular 
choice of such a representation depends on the 
Knudsen number and on the nature of the micro- 
scopic boundary conditions. 


Internal Flow 


ON THE DEVIATION OF OUTLET FLOW AN- 
GLES CAUSED BY SECONDARY FLOWS IN TUR- 
BINE CASCADES. I. Marusuke Gomi. JSME 
Bul., Nov., 1959, pp. 608-615. Development of a 
simple formula for calculating the mean outlet 
flow angle, assuming the secondary vortices con- 
centrated at the blade centroid. The actual circu- 
lations around the blades are computed using 
Smith's equation. It is shown that the deviation of 
outlet flow angle increases with the inlet flow angle 
and with the spacing of the cascade, especially in 
an impulse cascade of large camber angle. 


ON RAO'S METHOD FOR THE COMPUTATION 
OF EXHAUST NOZZLES, Gottfried Guderley. 
ZFW, Dec., 1959, pp. 345-350. Study of the physi- 
cal ideas underlying Rao's work for determining 
nozzle forms that give maximum thrust at a limit- 
ed length, and extension of his method to axisym- 
metric flows with nonconstant entropy. The main 
idea is the introduction of a suitable control sur- 
face to determine the momentum and other quanti- 
ties, the form of the control surface and the veloci- 
ty distribution along it being unknown. 


THE BEHAVIOUR OF AN AXIALLY SYMMET- 
RIC SONIC JET NEAR TO THE SONIC PLANE. 
M. G. Smith. Quart. J. Mech. & Appl. Math., 
Aug., 1959, pp. 287-297. Study of the behavior 
near the sonic plane of an axially symmetric sonic 
jet of gas emerging into a region of lower pres- 
sure. The form of the singularity at the sonic 
plane is found, and the lowest terms of the series 
expansions of the variables of state near to the 
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plane are obtained. In particular, the correspond- 
ing solutions for this case and for the two-dimen- 
sional problem are compared, and it is shown that 
there are important differences between them. 


Performance 


THE ESTIMATION OF SHORT-TIME FLIGHT 
PATHS FOR INTERCEPTION DASHES. Ray 
Holland, Jr. USAF MDC TN 59-33, Nov., 1959. 
27 pp. Presentation of a method to systematize 
the selection of a short-time flight path. It is in- 
tended to be used as the first approximation in an 
iterative variational computation for determining 
a true minimum time path for interception dashes, 
The method applies to an aircraft already airborne 
flying in a short time from specified initial values 
of horizontal position x9, altitude y,, and velocity 
V, to specified destination values of horizontal 
position x, and altitude y,, remaining at all times 
in a single vertical plane. 


Stability & Control 


THE INTERPRETATION OF NONLINEAR 
PITCHING MOMENTS IN RELATION TO THE 
PITCH-UP PROBLEM. G. S. Campbell and Joseph 
Weil. US, NASA TN D-193, Dec., 1959. 32 pp. 
ll refs. Presentation of practical methods for 
predicting the longitudinal response of an aircraft 
to arbitrary control inputs using nonlinear aerody- 
namic data. These methods are used to study 
some of the factors affecting pitch-up motions en- 
countered by aircraft having regions of reduced 
stability: pitching-moment shape, control move- 
ment, dynamic pressure, aircraft moment of iner 
tia, and aerodynamic damping. The effectiveness 
of automatic stabilization devices in reducing pitch 
up severity is also considered. 


Wings & Airfoils 


THE SECOND ORDER THEORY OF THE SU- 
PERSONIC THREE-DIMENSIONAL THIN-WING- 
EXPANSION. Michiya Sugo. (Natl. Congr. The- 
oret. & Appl. Mech. 7th Annual Meeting, 1957.) 
Japan Soc. Aero. & Space Sci. Trans., No. 2, 
1959, pp. 1-10. 13 refs. Application of the PLK 
techniques to the particular solution of the second- 
order equation in the form of a combination of 
linear potentials, which are analogous to Van 
Dyke's consideration. However, it is a slightly 
restricted solution that satisfies the equation of 
the second order in the neighborhood of the wing 
surface and asymptotically approaches the second- 
order solution of the axially symmetric equation 
far from the surfaces found by Van Dyke. For 
subsonic and supersonic leading edges of delta 
wings, the pressure distributions are calculated, 
and the lift curve shape is also given for the latter 
case. 


TRIM DRAG AT SUPERSONIC SPEEDS OF 
VARIOUS DELTA-PLANFORM CONFIGURATIONS 
M. E. Graham and B. M. Ryan. Douglas Rep. 
SM-23635, July, 1959. 96 pp. Application of the 
linear theory to study the drag due to lift and the 
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maximum lift/drag ratio at supersonic speeds of 
zero-thickness, trimmed, statically stable (a) 
delta-wing-plus-tail, (b) delta-wing-plus-canard, 
and (c) delta-wing-alone configurations. These 
configurations do not include a body. In general 
it is found that the drag due to lift decreases 

and the maximum lift/drag ratio increases with 
increasing aspect ratio, vertical gap, and "tail 
length; '' and decreasing static margin; also, 
suitable camber and twist decrease the drag. 
However, calculations for wing-flap configura- 
tions indicate that if full leading-edge thrust 
exists, there is a range of aspect ratio in which 
decreasing the aspect ratio decreases the drag 
due to lift. If the leading-edge thrust exists, or 
if the surfaces are twisted and cambered, there 
can sometimes be less drag at a small positive 
static margin that at zero static margin. It is 
found that the choice of a type of trim surface 
(tail, canard, or flap) will depend primarily 
upon considerations other than supersonic cruise 
performance. The major influence upon the 
cruise lift-drag ratio will then be these other 
considerations rather than the direct optimiza- 
tion of the configuration to give the highest 
(L/D)max for the supersonic condition. 


AEROELASTICITY 


A STUDY OF VELOCITY-FREQUENC Y-DAMP- 
ING RELATICNSHIPS FOR WING AND PANEL 
BINARY SYSTEMS IN HIGH SUPERSONIC FLOW. 
M. B. Zisfein and F. J. Frueh. Bell Aircraft 
Rep. 9015-19-001 (AFOSR TN 59-969), Oct., 1959. 
55 pp. ll refs. Application of piston theory aero- 
dynamics to study two kinds of binary systems —- 
pitch-plunge wings and two degree-of-freedom, 
simply supported panels. A major portion of the 
effort is focused on the effects of viscous and struc- 
tural damping on the flutter and dynamic response 
characteristics and the relations between them. 
The characteristic equations of the binary systems 
are derived from Lagrangean mechanics and are 
solved for the velocity-frequency-damping relation- 
ships of these systems. From these closed-form 
solutions, by means of gross simplifications, sev- 
eral new concepts (base curve and high damping 
and decay asymptotes) are postulated. Also from 
the closed-form solutions, new simple relations 
between flutter damping and dynamic response 
are derived. These relations are then used to 
explain the hitherto unexplained phenomenon of 
"loopbacks" in the curves of velocity versus re- 
quired damping. 


FLIGHT DYNAMICS OF LARGE EXTERNAL 
STORES. A. P. Schaffer. Aero/Space Engrg., 
Feb., 1960, pp. 39-44. Discussion of flight flut- 
ter investigation experiences on the Grumman 
FlIF-1 aircraft as a guide to the preliminary design 
and flight testing of relatively large external stores, 
The program was performed with instrumented 
test vehicles in avariety of aircraft and store con- 
figurations. Results are summarized and showthe 
dependence of wing and store stability on inertial, 
structural, and aerodynamic variations. 


(25) 


AIRPLANES 


ri Landing, Landing Loads 


AN ANALOG STUDY OF AN AIRBORNE AUTO- 
MATIC LANDING-APPROACH SYSTEM. J. J. 
Adams. US, NASA TN D-105, Dec., 1959. 57 pp. 
Study of an automatic approach control system 
which uses error information obtained with a sim- 
ple radar target located at the end of the runway 
and a radar tracking set and attitude-measuring 
equipment carried in the aircraft. A swept-wing 
jet fighter aircraft was represented by six-degree- 
of-freedom equations with linear aerodynamic 
coefficients. The radar and attitude information 
was assumed to be free of any lag or dynamics, 
and most of the nonlinearities introduced by radar 
and gyro gimbal effects were included. The effects 
of various initial conditions and disturbances, such 
as flap deflection, gust disturbances, and radar 
noise were investigated. An analog computer was 
used to carry out the investigation. 


CONTROL THEORY 


A STATISTICALLY AVERAGED CRITERION 
FOR FEEDBACK-SYSTEM SYNTHESIS. John 
Zaborsky and J. W. Diesel. J. Aero/Space Sci., 
Feb., 1960, pp. 128-134, 160. 34 refs. Develop- 
ment of a performance criterion for feedback con- 
trol systems, based on the averaging of penalized 
error values over such times when output is actu- 
ally utilized. This is accomplished by assigning 
a probability to the time of output utilization. The 
criterion is a suitable starting point of design 
since it unifies in one summary the various speci- 
fications normally used to describe special aspects 
of performance. 


FUELS & LUBRICANTS 


RESEARCH ON ULTRA-ENERGY FUELS FOR 
ROCKET PROPULSION. Appendix A - 4,2°K IR- 
RADIATION STUDIES, H. E. Weaver, R. C. 
Rempel, and L. H. Piette. Appendix B - FREE 
RADICALS IN SOLID-PROPELLANT SYSTEMS. 

J. M. Flournoy, L. H. Baum, Seymour Siegel, 
Ahlborn Wheeler, George Moe, E. I. Hormats, 
W.H. Andersen, and Sol Skolnik. Aerojet-Gen. 
Rep. 1690 (AFOSR TR 59-169), Oct., 1959. 140 
pp. 69 refs. Summary of the results of research 
on the stabilization of energetic free radicals. 
Hydrogen atoms, hydroxyl radicals, and other nor- 
mally unstable chemical species produced by ion- 
izing radiation and by electric discharges are sta- 
bilized at low temperatures. The rate of disap- 
pearance of some of these radicals is studied 

over a range of temperatures, using electron-para- 
magnetic-resonance techniques. The heat releas- 
ed by the recombination of hydroxyl radicals inice 
near 100°K, has been measured. The adsorption 
of hydrogen atoms on glassy materials at normal 
temperatures has been investigated and found to 
involve a variety of different adsorption rates. 
The general problems involved in the production, 
storage, and utilization of high concentration of 
free radicals are briefly summarized. 
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INVESTIGATION OF LIQUID NITRIC OXIDE 
AS A ROCKET OXIDIZER. L. E. Bollinger and 
Rudolph Edse. USAF WADC TR 59-12 [AD 208327], 
May, 1959. 22 pp. Experimental investigation of 
the use of liquid nitric oxide as oxidizer for rocket 
engines. It is found that extremely long residence 
times are required for the propellant in the com- 
bustion chamber. Methyl alcohol was used as the 
fuel and most of the experiments were conducted 
with a nominal 50-lbs. thrust motor having a char- 
acteristic length of 1, 515 in.; the design chamber 
pressure was 300 psi. Results show that nitric 
oxide may affect the smooth combustion of nitric 
acid with a fuel due to the long chemical reaction 
time of nitric oxide. 


MISSILE, ROCKET, & SPACE TECHNOLOGY 


MANNED NUCLEAR SPACE SYSTEMS. I - 
HIGH-THRUST NUCLEAR SYSTEMS. II - LOW- 
THRUST NUCLEAR SYSTEMS. E. B. Konecci, 
R. F. Trapp, and M. W. Hunter. Aero/Space 
Engrg., Jan.; Feb., 1960, pp. 34-41; 49-54. 19 refs. 
Studies of a proposed mission to Mars for two dif- 
ferent power systems considering radio-biological, 
life-support, and radiation shielding problems. A 
possible major disadvantage of the ion or (low- 
thrust) vehicle is that the whole massive system 
must be boosted, assembled, and checked out in 
orbit. It appears that high-thrust systems are 
quite applicable to short mission time, whereas 
the low-thrust systems lean toward longer trip 
times and large payloads. Shielding does not have 
a serious effect on either system even though 
low-thrust systems require larger total energies. 


GRAPHICAL TRAJECTORY ANALYSIS. A. S. 
Boksenbom. US, NASA TN D-64, Dec., 1959. 46 
pp.. Presentation of a simple graphical method for 
two-body trajectory problems. The basic graph 
used is composed simply of circles and straight 
lines; all features of trajectories appear on the 
map; coasting trajectories correspond to circles 
on the graph. The transfer to new orbits on impul- 
sive thrust, planar and nonplanar, is constructed 
on the same map. Approximations for continuous 
thrust and for cases of almost circular orbits are 
shown. Examples are given for cases of transfer 
to new orbits, optimization on the velocity incre- 
ment AV, interplanetary trips, and some rendez- 
vous problems. 


OPTIMUM TRAJECTORY PROBLEMS: SOME 
SPECIAL CASES. E. W. Graham and B. J. 
Beane. Douglas Rep. SM-23687, Sept. 16, 1959. 
51 pp. Study of the transfer of a rocket vehicle 
from one point to another with minimum fuel ex- 
penditure. The velocity vectors at the terminal 
points and the time for transfer are specified, and 
it is assumed that the vehicle is operated in a 
gravitational field without atmospheric resistance. 
In the examples studied two physical factors of 
particular importance are (a) the angle between 
the terminal velocity vectors in the moving system 
and (b) the angular orientation of these vectors in 
the perturbation force field. Two types of analysis 
are considered. The first is restricted to short 
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transfer times, but applies to arbitrary gravita- 
tional fields. The second is restricted to transfer 
between points on a radial line in a central force 
field, but the time for transfer can be large if the 
terminal points are properly spaced. In both meth 
ods the restrictions offer material simplifications, 
but each method covers some problems in which 
intermediate impulses are desirable and some in 
which terminal impulses alone are optimum. Spe- 
cific examples are included as illustrations. 


FREE FLIGHT OF A BALLISTIC MISSILE. 
A. D. Wheelon. ARS J., Dec., 1959, pp. 915-926, 
2l refs. Study of the free flight portion of a mis- 
sile trajectory in analytic form. A simplified a- 
nalysis using a spherical, nonrotating earth model 
is discussed first, and the corresponding etror 
coefficients are determined for the missile burnout 
variables. Necessary corrections for the earth's 
rotation and oblateness are thenintroduced. Final- 
ly, consideration is given to the effect of gravita- 
tion anomalies and uncertainties in the fundamental 
geophysical constants which are found to be very 
small, 


OPTIMAL ACCURACY ROCKET TRAJECTO- 
RIES. Appendix I - NUMERICAL SOLUTION IN 
KEPLER FIELD. Appendix Il - METHOD FOR 
PARAMETER ADJUSTMENT. G. A. Baker, Jr., 
K. W. Ford, and Ch. E. Porter. J. Appl. Phys., 
Dec., 1959, pp. 1925-1932. Application of a slight- 
ly modified version of the rocket optimization for- 
mulation of Fried to facilitate the study of maxi- 
mum accuracy trajectories. Various illustrative 
special solutions are obtained, particularly pertur- 
bation results valid for small thrust. For suface- 
to-surface rockets in a Kepler field, optimal 
thrust programs are obtained numerically, their 
accuracy is studied quantitatively, and comparison 
of range and of accuracy is made with rockets 
using a constant-angle thrust program. Optimiza- 
tion leads to only a slight increase in range but to 
a substantial gain in accuracy. The possible ap- 
plication of rocket optimization methods to the 
focusing of charged particles is also suggested. 


OPTIMUM ROCKET TRAJECTORIES. II - 
GENERALIZED BOOST ANALYSIS. D. O. Dom- 
masch and R, L. Barron. Aero/Space Engrg., 
Feb., 1960, pp. 45-58. Development of more 
general optimum boost relations than those con- 
sidered previously on an initial value basis. The 
more general treatment considers aerodynamic et- 
fects and is based upon equations of motion refer- 
enced to the rotating navigational or earth great cir- 
cle axis system. The results are obtained by using 
digital computer techniques for step-by-step inte- 
gration of the optimum equation set starting from 
a given set of initial conditions. A comparison be- 
tween arbitrary and optimum trajectories is pre- 
sented, as well as a complete performance map 
describing the optimum boost performance of an 
advanced type of vehicle. To provide a completely 
valid analysis, all known influences on the trajec- 
tory have been considered, including aerodynamic 
lift and drag, as well as the forces required to 
maintain flight in a great circle plane fixed to the 
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rotating earth. 
precisely simulated, the effects of gravitic poten- 
tial change are included, ‘and the kinematic equa- 
tions and the equations of motion are satisfied pre- 
cisely without any assumptions as to small pertur- 
bations. 


The ARDC standard atmosphere is 


LUNAR TRAJECTORIES. A. B. Mickelwait. 
ARS J., Dec., 1959, pp. 905-914. 35 refs. Re- 
view of the status of three-dimensional lunar tra- 
jectories and techniques for treating them analyti- 
cally. The problem of a lunar satellite is treated 
in detail, considering equipment limitation and the 
interaction of trajectories and missions. Curves 
showing the interrelationship of flight parameters 
and also miss coefficients are presented. 


TRAJECTORIES WITH CONSTANT TANGEN- 
TIAL THRUST IN CENTRAL GRAVITATIONAL 
FIELDS. W. E. Moeckel. US, NASA TR R-53, 
1959. 96 pp. Calculation, in nondimensional form, 
of trajectories followed by vehicles propelled by 
a constant thrust directed parallel to the velocity 
vector for a range of initial thrust-weight ratios 
from 10 to 10™* and for a range of jet velocities 
from those attainable with chemical rockets to 
infinity. The charts permit rapid calculation of 
propulsion time required to attain any prescribed 
hyperbolic velocity starting outward from a circu- 
lar orbit, or to return to a circular orbit from 
any prescribed hyperbolic velocity. Results are 
given in the form of curves of radial distance, 
energy per unit mass (hyperbolic.velocity), trajec- 
tory inclination, and velocity and angular distance 
as function of time. The use of these charts to 
estimate weight requirements for interplanetary 
missions is discussed. 


DEPARTURE TRAJECTORIES FOR INTER- 
PLANETARY VEHICLES. W. E. Moeckel. US, 
NASA TN D-80, Nov., 1959. 35 pp. Derivation 
of general expressions for the magnitude and di- 
rection of the launching velocity needed to reach 
another planet from any point on the Earth's sur- 
face. The effect of the inclination of the orbital 
plane of the destination planet is considered along 
with the effect of departure date and selected tra- 
jectory. A procedure is given for determining the 
optimum time of day for launching from any lati- 
tude to obtain maximum benefit of the Earth's ro- 
tation, Results of the analysis are illustrated for 
typical Earth- Venus trajectories. 


AN ANALYSIS OF THE CORRIDOR AND GUID- 
ANCE REQUIREMENTS FOR SUPERCIRCULAR 
ENTRY INTO PLANETARY ATMOSPHERES. Ap- 
pendix A - FORMULAS FOR MOTION AND HEAT- 
ING QUANTITIES AND RELATIONSHIP BETWEEN 
DECELERATION AND HEATING. Appendix B - 
INTERDEPENDENCE OF Cp AND L/D FOR LIFT- 
ING VEHICLES. D. R. Chapman. US, NASA TR 
R-55, 1959. 76 pp. Analysis of supercircular 
entry developed around a new dimensionless pa- 
rameter which combines certain conditions at the 
conic perigee altitude with certain characteristics 
of the vehicle. This parameter conveniently deter 
mines either deceleration-limited or heating -limit- 
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ed corridor widths for elliptic, parabolic, or hy- 
perbolic approach trajectories. MDlustrative calcw 
lations of corridor widths and the associated guid- 
ance problems are presented for Venus, Earth, 
Mars, Jupiter, and Titan. Generalized curves ~- 
are presented for application to various entry con- 
ditions. 


OPTIMUM ARRANGEMENTS OF BOOST MO- 
TORS IN MULTI-STAGE VEHICLES, FOR VERTI- 
CAL FLIGHT IN VACUO. H. Hiller. Gt. Brit., 
RAE TN G.W. 519, July, 1959. 19 pp. Presenta- 
tion of an analytical method for finding optimum 
arrangements of a number of identical solid-fuel 
boost motors in a multi-stage vehicle which also 
carries a payload. Only vertical trajectories in 
vacuum are considered, and potential altitude is 
chosen as a criterion of performance. The opti- 
mum results for various ranges of the relevant 
parameters are given for up to 12 motors. 


GUIDANCE TECHNIQUES FOR INTERPLANE- 
TARY TRAVEL. Ch. D. Bock and Ch. J. Mundo. 
ARS J., Dec., 1959, pp. 931-940. 36 refs. Study 
of the problem of guidance to near planets with 
low specific impulse engines. Trajectories to 
which the vehicle must adhere in order to minimize 
fuel consumption are treated in order to evolve 
what measurable parameters are suited for guid- 
ance. Criteria are established for the judging of 
suitability of these measurement parameters. 
Various possible measurement techniques are clas- 
sified into active electromagnetic techniques, pas- 
sive electromagnetic techniques, and inertial tech- 
niques. The merits of the individual methods and 
the classes are examined. 


STABILIZATION AND ATTITUDE CONTROL 
OF SATELLITE VEHICLES. W. E. Frye and 
E. V. B. Stearns. ARS J., Dec., 1959, pp. 927- 
931. 4l refs. Review of the status of concepts and 
techniques in the field of satellite attitude control 
and stabilization as reflected in technical literature 
in the last five years. Stabilization by means of 
the gravity gradient, aerodynamic torques, and 
radiation pressure is examined. Various attitude 
sensors and control torque generators are discuss- 
ed. The sources of disturbing torques are briefly 
summarized. 


THE ALLOCATION OF THE CONTROL MAGNI- 
TUDE FOR AXISYMMETRICAL MISSILE, Akira 
Azuma. Japan Soc. Aero. & Space Sci. Trans., 
No. 2, 1959, pp. 35-48. Analysis of a method for 
allocating the control magnitude to each control 
surface for either fin-stabilized or spinning mis- 
siles with four fins having rotational and mirror 
symmetry. It is shown that the allocation is sim- 
ple for the fin-stabilized or roll-stabilized mis- 
siles as compared with the freely spinning mis- 
siles having no constrained action for spinning mo- 
tion. For a free-spin missile with four fins, the 
allocation of a given control magnitude to each 
control surface is proportional to the cosine and 
sine components of the rolling angle. The maxi- 
mum lift component normal to the spin axis is 
described.as a regular square, the largest 
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value being located at the direction making an an- 
gle of ® /4 with each orthogonal main surface or 
fin. For rapidly forced spinning projectiles or 
missiles, the dynamic treatment reveals a phase 
difference between the direction of the control sur 
face deflection and the resulting trimmed angle of 
attack. 


SOME NOTES ON ATTITUDE CONTROL OF 
EARTH SATELLITE VEHICLES. Appendix A - 
STABILITY OF SPINNING BODIES. Appendix B - 
PITCH RESPONSE FOR SATELLITE STABILIZED 
BY GRAVITATIONAL-GRADIENT METHOD, NO 
DAMPING. Appendix C - CIRCULAR ORBITS 
THAT PERMIT A CONTINUOUS VIEW OF THE 
SUN. Appendix D - MOMENTUM, TORQUE, AND 
POWER OF ANGULAR MANEUVERS. Appendix 
E - WEIGHT AND POWER REQUIRED BY FLY- 
WHEEL CONTROL UNITS. Warren Gillespie, Jr., 
D. G. Eide, and A. B. Churgin. US, NASA TN 
D-40, Dec., 1959. 80 pp. 3l refs. Investigation 
of the problem of matching satellite mission stabi- 
lization requirements with attitude control system 
capabilities. The probable missions in an ad- 
vanced satellite program and a variety of possible 
satellite stabilization systems are considered. 

The methods are compared with respect to mission 
suitability, accuracy, weight, power requirements, 
development effort, and reliability. An improved 
version of spin stabilization incorporating earth- 


horizon scan units is described, and recomrmenda- 
tions are made for radiation-sensing systems. 


PRECISION ORBITS AND OBSERVATION RE- 
DUCTION. Samuel Herrick. U. Calif. UCLA 
Astrodynamical Rep. 1 (AFOSR TN 59-769), June 
ll, 1959. 21 pp. USAF-Army-Navy-supported dis- 
cussion of the advantages and disadvantages in the 
reduction of observations of "fixes," triangulation, 
assumed motions or orbits, reduction to the center 
of the earth, and reference systems. The differ- 
ential correction is defined and outlined. The 
“fix'' and "complete observations" are discussed 
in relation to the determination of orbits and com- 
pared with the differential correction. The prov- 
inces of observer and orbit analyst are differenti- 
ated. The need for accurate observations and re- 
ductions is stressed. 


DIFFERENTIAL EXPRESSIONS FOR LOW- 
ECCENTRICITY GEOCENTRIC ORBITS. Samuel 
Herrick, L. G. Walters, and C. G. Hilton. U. 
Calif. UCLA Astrodynamical Rep. 2 (AFOSR TN 
59-768), June ll, 1959. 33 pp. Development of 
differential equations relating the set of six two- 
body orbit parameters to rectangular components 
of position and velocity, the latter being necessary 
to the evaluation or orbital and re-entry flight con 
ditions. These differential expressions are extend 
ed to the observational framework employed in the 
range. This is carried out for radar-type instru- 
ments where the emphasis is on very accurate 
range and range-rate data. 


REFLECTION CHARACTERISTICS OF ARTI- 
FICIAL SATELLITES CONSTRUCTED IN THE 
FORM OF INFLATED POLYHEDRONS. A. R. 
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Sinclair. US, NASA TN D-i74, Dec., 1959. 9 pp. 
Description of tests made on inflated polyhedral 
shapes of thin aluminum-coated plastic to deter- 
mine their suitability as artificial earth satellites 
having enhanced visibility as a result of bright 
flashes cf reflected light from the facets. It was 
found that a polyhedron with 12 major faces, when 
inflated as a simple balloon, gives about one flash 
per revolution about a random axis when illumi- 
nated by a light representing the sun. As a result 
of the bulging of the facets, the brightness of these 
flashes was only about three times greater than 
that from an equivalent sphere, which is much less 
than the theoretical brightness from a polyhedron 
having optically flat facets. 


Spacec raft 


A NEW COORDINATE SYSTEM FOR SATEL- 
LITE ORBIT STUDY. Appendix - A MORE ACCU- 
RATE SOLUTION OF THE SECOND EQUATION 
OF MOTION. J. L. Brenner, G. E. Latta, and 
M. Weisfeld. SRIITR 2 (AFMDC TR 59-27) [AD 
216455], June 15, 1959. 85 pp. Presentation of a 
method predicting accurately the orbit of a near- 
earth satellite, neglecting drag. The coordinate 
system suggested by King-Hele is refined so as to 
make predictions within a few seconds of arc at all 
points in the orbit of a typical satellite. The order 
of approximation of the formulas is discussed by 
the use of arguments based on the energy integral, 
and their accuracy is verified by independent nu- 
merical integration of the differential equations. 
The principal effects of oblateness are listed, and 
it is shown that the maximum latitude attained by 
the satellite varies a small amount from revolution 
to revolution, with the same period. 


EFFICIENT PRECISION ORBIT COMPUTA- 
TIONAL TECHNIQUES. R.M. L. Baker, Jr., 
G. B. Westrom, C. G. Hilton, J. L. Arsenault, 
R. H. Gersten, and Elsie Browne. U. Calif. 
UCLA Astrodynamical Rep. 3 (AFOSR TN 59-766), 
June ll, 1959. 72 pp. 22 refs. USAF-Army-sup- 
ported comparison of the methods of Cowell, Encke, 
and the variation-of-parameters for the computa- 
tion of high precision orbits. Analysis of the inte- 
gration of an analytical three-body trajectory and 
an analytical low-thrust spiral trajectory indicates 
the importance of decreasing the overall number 
of integration steps to avoid round-off errors. 
Comparative computations demonstrated that 
Encke's method is preferable to the ballistic lunar 
trajectory, variation-of-parameters in the low- 
thrust trajectory, and Cowell's method in the high- 
thrust trajectory. The overall computational ef- 
ficiency of Encke's and the variation-of-paramete!s 
method is also shown. 


OPTIMAL PROGRAMMING AND CONTROL OF 
SATELLITE ORBITS. C. A. Traenkle. ZFW, 
Nov., 1959, pp. 305-313. Presentation of an ap- 
proach, using the methods of reference trajecto- 
ries, to the.problem of putting a satellite into orbit. 
The reduction of the take-off weight attained by 
appropriate launch programs, in particular by 
tangential ascent combined with skim launching, is 
discussed. Compared with the conventional zero 
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angle of attack launch program, the payload may 
be increased for a given take-off weight by a factor 
which depends on the launch angle and is consider- 
ably greater than two for extreme cases. The in- 
vestigation is extended to cover the descent me- 
chanics, including the design of optimal programs 
and an analysis of proximity and skim orbits, as 
applied to intermediate and long range haul. 


THE DETERMINATION OF THE EARTH'S PO- 
TENTIAL FIELD BY OBSERVATIONS OF SATEL- 
LITE ORBITS, WITH SPECIAL REFERENCE TO 
THE DETERMINATION OF THE THIRD HARMON- 
Ic. J. L. Brenner, R. Fulton, and N. Sherman. 
SRI ITR 3 (AFMDC TR 59-29), July 1, 1959. 36 
pp. Analysis of the differential equations of motion 
of a near-earth satellite about a model earth having 
mass distribution which is symmetric with respect 
to its polar axis and its equatorial plane reveals 
that the satellite's orbit undergoes long-period 
changes not previously reported. Numerical inte- 
gration of the equations of motion verifies this. re- 
sult. These changes are minute and definitely ob- 
servable only if many observations are made 
during each revolution. On the other hand, a bias 
in the handling of the observations can override 
these changes, and introduce spurious secular 
(long-term) variations. The magnitudes and pe- 
riods of typical spurious variations have been e- 
valuated. The variation of the eccentricity agrees 
with that reported from the Vanguard computing 
center;hence, its useinverifying the existence of 
a third harmonic in the earth's gravitational poten- 
tial field is not justified. 


NEARLY CIRCULAR TRANSFER TRAJECTO- 
RIES FOR DESCENDING SATELLITES. G. M. 
Low. US, NASA TR R-3, 1959. 17 pp. Supt. of 
Doc., Wash., $0.30. Derivation of simplified 
expressions describing the transfer from a satel- 
lite orbit to the point of atmospheric entry. The 
expressions are limited to altitude changes that 
are small compared with the earth's radius and 
velocity changes small compared with satellite ve- 
locity, and further restricted to motion about a 
spherical, nonrotating earth. The transfer trajec- 
tory resulting from the application of thrust in any 
direction at any point in an elliptic orbit is consid- 
ered. Expressions for errors in distance (miss 
distance) and entry angle, due to an initial mis- 
alignment and magnitude error of the deflecting 
thrust, are presented. The guidance and accuracy 
requirements to establish a circular orbit are dis- 
cussed along with orbit corrections. 


AIR SCOOPING VEHICLE. Appendix A, B - 
LAMINAR HEAT TRANSFER RATE TO THE SIDE 
WALL OF THE VEHICLE. Appendix C - ACCOM- 
MODATION OF THE INCIDENT ENERGY. Appen- 
dix D - THE LIQUEFACTION AND STORAGE OF 
ATMOSPHERIC GASES. Appendix E - EVALUA- 
TION OF THE BOUNDARY LAYER MOMENTUM 
AND ENERGY THICKNESS IN THE MHD ISO- 
THERMAL ACCELERATOR, Felix Berner and 
Morton Camac. Avco Everett Res. Lab. RR 76 
(AFBMD TR 59-17), Aug., 1959. 117 pp. 17 refs. De- 
scription of a satellite vehicle which collects gases 
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fromthe upper atmosphere and stores them in liquid 
form. Such a vehicle could serve as a filling sta- 
tion in space, furnishing liquid oxygen or air to 
other spacecraft. The vehicle represents an alter- 
native to launching these liquids into orbit from the 
surface of the earth. The two methods are com- 
pared on an economic basis, and it is shown that 
the proposed vehicle permits substantial savings 
when operated beyond about one year. The feasi- 
bility of developing such a system for long-time 
operation is investigated. Several practical de- 
signs are discussed. 


NAVIGATION 


CELESTIAL GUIDANCE, R. B. Horsfall. 
ARS J., Dec., 1959, pp. 981-988. Study of the 
problems in automatic celestial guidance for cruise 
vehicles, The equations for the error signals are 
derived from star tracking based on an assumed 
possition and local vertical reference. The prob- 
lem of distinguishing a star from a noise back- 
ground is also treated, and the problem of direct- 
ing the telescope from a reference is examined 
both from the point of view of astronautics and 
cruise missile guidance. 


VECTOR PRINCIPLES OF INERTIAL NAVIGA- 
TION. Appendix I - DERIVATION OF VECTOR 
MECHANIZATION EQUATION WITHOUT IMPOS- 
ING THE INERTIAL AZIMUTH CONDITION. Ap- 
pendix II - THE VERTICAL CHANNEL AND INER- 
TIALLY MEASURED ALTITUDE. Appendix III - 
NOTES ON DERIVATION OF CERTAIN EQUA- 
TIONS. Appendix IV - PROPERTIES OF THE 
SAMPLE SYSTEM. Appendix V - DERIVATION 
OF A SCHULER OSCILLATION EFFECT. A. M. 
Schneider. IRE Trans., ANE Ser., Sept., 1959, 
pp. 159-178. Derivation of a vector equation de- 
scribing the mechanization of inertial navigation 
systems for use anywhere in space. A specialized 
form of this equation applies directly to three-di- 
mensional motion at any speed, any altitude, over 
an elliptical, rotating earth. Behavior of errors 
in inertial systems is also discussed. 


PRINCIPLES OF DOPPLER-INERTIAL GUID- 
ANCE. L. H. Dworetzky and A. Edwards. ARS 
J., Dec., 1959, pp. 967-972. 20 refs. Discus- 
sion of the principles of the Doppler-inertial sys- 
tem theory, and description of the characteristics 
and limitations of individual Doppler radar and 
inertial navigation systems. One of the most im- 
portant features of the combined system is that it 
can establish its orientation in a navigational ref- 
erence frame without ground alignment or depend- 
ence upon a magnetic compass. It erects itself 
to the vertical and can align itself to true north 
while in flight. The choice of values for the damp- 
ing, tuning, and third-order integrator gains in 
the combining equipment is based on consideration 
of the transient response to disturbances, particu- 
larly errors in the inertial system's initial condi- 
tions, and consideration of the effects of system 
noise and bias errors on the outputs. 
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Electronic Aids 


DOPPLER RADARS FOR GUIDANCE - DESIGN 
TECHNIQUES AND PERFORMANCE. W.R. Fried. 


ARS J., Dec., 1959, pp. 957-967. 54 refs. De- 


scription of the fundamental principles of self- 
contained Doppler velocity measuring radars and 
Doppler guidance systems. A comparison of the 
various design techniques for Doppler radars and 
the advantages and limitations of each are present- 
ed. The overall configuration of a typical Doppler 
radar is described, and the performance charac- 
teristics with regard to accuracy and range capa- 
bilities are discussed. It is shown that basic ve- 
locity information with a probable error of near 
0.1% is obtainable from the Doppler radar. The 
use of Doppler radar as one element of a complete 
guidance system is discussed. The overall sys- 
tem accuracy of such a system is shown to be a 
function of the accuracies of all the sensor and 
computation elements and, in many cases, can be 
no better than that of the weakest element. The 
nature of some of the system errors is described, 
including the effects of the directional and atti- 
tude references. 


NUCLEAR ENERGY 


THE CALCULATION OF GAS FLOW PASSAGE 
SIZES IN HEAT EXCHANGERS AND NUCLEAR 
REACTORS WHEN THE HEAT TRANSFER RE- 
QUIREMENTS AND THE GAS INLET AND OUTLET 
TEMPERATURES ARE SPECIFIED. Appendix I, 
ti - DERIVATION OF THE APPROXIMATE EX- 
PRESSIONS FOR PRESSURE LOSS. Appendix 
ll - THE RELATIONSHIP BETWEEN PUMPING 
POWER AND FRACTIONAL PRESSURE LOSS, Ap- 
pendix IV - DERIVATION OF THE EXPRESSIONS 
FOR THE MAXIMUM SURFACE TEMPERATURE 
IN A REACTOR CORE WITH A NON-UNIFORM 
NEUTRON FLUX DISTRIBUTION. J. F. Barnes. 
Gt. Brit., NGTE Memo. M.328, Aug., 1959. 41 
pp. Presentation of an approximate treatment for 
the determination of heat exchanger scantlings and 
definition of a simplified model of a gas cooled 
reactor core to which this analysis can be applied. 
Modifications are introduced to allow for sources 
of pressure loss other than skin friction and heat 
addition and to take account of features peculiar to 
reactors - i.e., nonuniformity of heat release 
within the core. The calculation of pressure losses 
due to friction and heat addition is dealt with in 
more detail, and adescriptionis given of a step-by- 
step method for solving the basic differential e- 
quation for one-dimensional flow in a constant area 
passage. Graphs of pressure loss are presented 
for air (or nitrogen), and methods are suggested 
for using these to estimate the detailed heat trans- 
fer performance of a reactor. Similar data for 
helium or other gases may be compiled easily by 
the same methods with the aid of a digital computer. 


POWER PLANTS 


ION PROPULSION SYSTEMS: EXPERIMENTAL 


STUDIES. Sam Naiditch, R. M. Worlock, D. Zuc- 
caro, D. Baker, M. P. Ernstene, L. R. Gal- 
lagher, J. Mullins, and J. A. Teem. ARS 14th 
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Annual Meeting, Wash., Nov. 16-20, 1959, Pre- 
print 928-59. 55 pp. 2l refs. Army-supported 
discussion of problems encountered in the devel- 
opment of ion propulsion devices and analysis of 
the progress on various components of ion motors, 
Includes description of experiments on both porous 
tungsten and staggered ribbon ion sources; meas- 
urements of the effective area of the staggered 
ribbon and correlation with an analytical study; 
research on two types of accelerators - parallel- 
plate and Pierce-type; analytical and analog studies 
of ion flow, using an elastic membrane potential 
analog and an electrolytic tank to study the defo- 
cusing effects of the electrode apertures through 
which the beam passes; detailed analyses of neu- 
tralization by both electrons and charge exchange, 
based on a highly idealized model of the experi- 
mental system. 


Rocket 


A ONE-DIMENSIONAL THEORY OF LIQUID- 
FUEL ROCKET COMBUSTION. D. B. Spalding. 
Gt. Brit., ARC CP 445, 1959. 26 pp. BIS, New 
York, $0.72. Study of a one-dimensional theoreti- 
cal model of a liquid rocket engine in which all 
properties depend only on distance from the injec - 
tor face and droplets have uniform diameter on 
entry. The processes considered cover droplet 
drag, vaporization, and chemical reaction. The 
derived equations are integrated, leading to pre- 
dictions of the minimum rocket length made for 
the particular case in which the chemical reaction 
rate is high and the fuel and oxidant, though ejected 
separately, have similar droplet properties. Cal- 
culations are made of the effects of droplet size, 
droplet injection velocity, final gas velocity, drop 
let transfer number, and other variables. The 
mean residence time and the concentration-time 
curve of an injected tracer are also calculated. 


A ONE-DIMENSIONAL THEORY OF LIQUID- 
FUEL ROCKET COMBUSTION. II - THE INFLU- 
ENCE OF CHEMICAL REACTION, J. Adler. Gt. 
Brit., ARC CP 446, 1959. 14 pp. BIS, New York, 
$0.45. Study including integration of differential 
equations resulting from Spalding's one-dimensior- 
al liquid rocket combustion model and derivation 
of temperature and velocity profiles for the fuel 
droplets. A simple approximate procedure for 
solving the equations is also given, providing good 
results when compared with exact integration. 


ANALYSIS OF THE TRANSIENT RADIATION 
HEAT TRANSFER OF AN UNCOOLED ROCKET 
ENGINE OPERATING OUTSIDE EARTH'S ATMOS- 
PHERE. W. H. Robbins. US, NASA TN D-62, 
Dec., 1959. 25 pp. Derivation of relations for 
the cooling rate of a body in space. The rate of 
radiant heat dissipation (reflected by the tempera- 
ture) is determined to be a function of material 
properties of the body, the geometry of the body, 
and the temperature, of both the body and the effec- 
tive surrounding temperature. Application of the 
results is made to the uncooled (heat sink) high- 
chamber-pressure rocket engine. Cooling times 
from the temperature at burnout to a specified fi- 
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nal temperature are presented fora range of thrusts 


and running times. In general, the cooling time 
increases almost linearly with running time. 


RESEARCH, RESEARCH FACILITIES 


Wind Tunnels 


ANALYTICAL STUDY OF THE HEATING OF 
HYPERSONIC AIR FLOW BY ELECTRODE-LESS 
HIGH-FREQUENCY DISCHARGE, J. C. Williams, 
Ill, P. C. Wilber, and R. L. Chuan. USAF 
AEDC TR 59-23, Oct., 1959. 67 pp. 24 refs. 
Study of the possibility of heating a supersonic gas 
stream by means of electrodeless high-frequency 
discharge. The heating scheme is divided into 
two parts: the discharge where energy is added to 
the gas stream and stored as potential energy of 
electron-ion separation, and the decay where the 
electrons and ions recombine and give up some of 
the separation energy as thermal energy of the gas, 
Qualitative consideration of the discharge phase 
indicates the necessary relations between the elec- 
tric field parameters, the hydrodynamic parame- 
ters, and the chamber dimensions for an efficient 
discharge. Finally, it is shown how high-frequen- 
cy electrodeless discharge heating might be applied 
practically to the heating of a low-density, high 
Mach Number, wind tunnel gas stream. 


ROTATING WING AIRCRAFT, HELICOPTERS 


DYNAMIC-MODEL INVESTIGATION OF THE 
DAMPING OF FLAPWISE BENDING MODES OF 
TWO-BLADE ROTORS IN HOVERING AND A 
COMPARISON WITH QUASI-STATIC AND UN- 
STEADY AERODYNAMIC THEORIES. M. A. Sil- 
veira and G. W. Brooks. US, NASA TN D-175, 
Dec., 1959. 30 pp. Description of a systematic 
investigation of the deficiency in damping of rotor 
blades operating at low rotor inflow velocities. 
Results show that the total damping, when plotted 
as a function of the ratio of blade bending frequen- 
cy to rotor speed, fluctuates between upper and 
lower bounds given by combined quasi-static aero- 
dynamic and structural damping and by structural 
damping, respectively. The reductions in damping 
are consistent with trends predicted by existing 
two-dimensional unsteady aerodynamic theory. 


STRUCTURES 


Beams & Columns 


TORSION OF BEAMS WHOSE SECTIONS ARE 
BOUNDED BY CERTAIN QUARTIC CURVES. 
W. A. Bassali. J. Mech. & Phys. Solids, Oct., 
1959, pp. 272-281. 17 refs. Application of Cauchy 
integral methods to the torsion of a solid isotropic 
cylinder whose section is bounded by a quartic 
curve which is the inverse ofan ellipse with respect 
to any point on its major or minor axis. The com- 
plex torsion function, the torsional rigidity, and 
the shearing stresses are explicitly determined in 
the general case, and particular values are found to 
agree with those already known for Booth's lem- 
niscate and the elliptic limacon. The distribution 
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of shearing stress on the boundary is computed in 
two particular examples. 


Cylinders & Shells 


ON THE SOLUTION OF A CLASS OF PROB- 
LEMS IN MEMBRANE THEORY OF THIN SHELLS 
E. Reissner. J. Mech. & Phys. Solids, Oct., 
1959, pp. 242-246. ONR-supported analysis of a 
class of problems in which the meridional and cir- 
cumferential stress resultants are proportional to 
cos Q, Illustrations are given by solving the prob- 
lem of flexure of a cantilever shell, as well as 
the problem of a shell with hydrostatic lateral load 
The formulas for the latter case are specialized to 
the form which they assume for an ellipsoidal shell 
to enable comparison with an earlier solution of 
this problem. 


PLASTIC BUCKLING OF CYLINDRICAL 
SHELLS. S. Radhakrishnan. Aircraft Eng., Dec., 
1959, pp. 365-372. Extension of the work started 
by Gerard along the lines initiated by Stowell. The 
procedure used for the derivation of the basic e- 
quations of equilibrium for the case of plastic 
buckling is quite similar to that used for the buck- 
ling problem inthe elastic case except for two sig- 
nificant differences; (1) choice has to be made as 
to the suitable stress-strain relation to be used in 
the plastic region, (2) assumptions have to be made 
as to whether some portions of the material get 
into elastic regime during the process of buckling. 
Stowell's work on plates using the assumption that 
no elastic unloading took place gave good check 
with experimental results and the present analysis 
carries the same assumption. The numerical re- 
sults show that for certain ratios of axial compres- 
sive stress to circumferential compressive stress, 
the critical values are higher than even the pure 
axial load case. In the cases of cylinders under 
pure torsion or lateral pressure, the theoretical 
predictions by the present theory give fair agree- 
ment with experimental results. However, it re- 
mains to be seen whether the theoretical predic- 
tions are valid under the combined loads such as 
axial tension or compression combined with lateral 
pressure. 


Plates 


OBLICZANIE POWIERZCHNI WPLYWOWYCH 
DLA PLYT ROWNOLEGLOBOCZNYCH. Marian 
Suchar. Rozprawy Inzynierskie, No. 2, 1959, pp. 
235-260. 16 refs. In Polish, with summaries in 
English and Russian. Calculation of influence sur- 
faces (Green's functions) for plates having the form 
of parallelograms. The assumptions are those 
made for thin plates with small deflections stating 
that the plate is homogeneous, anisotropic, per- 
fectly elastic, andhas at every point one plane of e- 
lastic symmetry parallel to the middle plane. The 
relations between the deflection and the cross-sec- 
tion quantities are derived, as wellas the differen- 
tial equation of the deflection surface in the case 
of anisotropy and orthotropy. The boundary condi- 
tions are formulated in the simplest cases of sup- 
port. The singular parts of the influence surface 
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of deflection are computed for anisotropic, ortho- 
tropic, and isotropic plates in orthogonal coordi- 
nates. A system of polynomials is then given, by 
which regular parts of the influence surfaces may 
be determined. Finally, a numerical example is 
considered, and diagrams of contour lines of the 
influence surfaces for the bending moment, the 
twisting moment, and the shearing force are pre- 
sented. 


Sandwich Construction 


CALCULATED EFFECTIVE THERMAL CON- 
DUCTIVITIES OF HONEYCOMB SANDWICH 
PANELS. R. T. Swann. US, NASA TN D-171, 
Dec., 1959. 24 pp. Calculation of steady-state 
temperature distribution through honeycomb panels 
with simultaneous radiation and conduction. Based 
on this temperature distribution, the heat which 
will be transmitted is calculated. An effective 
thermal conductivity is defined, and calculated 
results are presented in dimensionless form. The 
effect of heat transmission through the air incells 
is briefly considered. The calculated results are 
compared with available experimental results. 


Thermal Stress 


OPTIMUM DESIGN OF INSULATED TENSION 
MEMBERS SUBJECTED TO AERODYNAMIC HEAT- 
ING. J. R. Davidson. US, NASA TN D-117, Dec., 
1959. 38 pp. Presentation of a method for deter- 
mining the weight efficiency of insulated heat-sink 
structures, used for finding the lightest total struc- 
tural weight for any selected insulating and load- 
carrying material in terms of a load parameter 
which accounts for the load, insulation material, 
and flight time. Charts are presented for six ma- 
terial as a’function of the load parameter and the 
temperature of the aerodynamically heated side of 
the insulation. 


THERMODYNAMICS 


Combustion 


PRESSURE AND VELOCITY MEASUREMENTS 
ON DETONATION WAVES IN HYDROGEN-OXYGEN 
MIXTURES. D. H. Edwards, G. T. Williams, 
and J. C. Breeze. J. Fluid Mech., Nov., 1959, 
pp. 497-517. 26 refs. Measurements of the static 
pressures and velocities of detonation waves, em- 
phasizing the pressures arising from the normal 
reflection at the closed end of the explosion tube. 
Two explosion tubes, of 10- and 1.6-cm. diam. 
are employed to study the diameter effect on the 
wave pressures. The experimental results are 
compared with calculated values of the wave prop- 
erties for a range of hydrogen-oxygen mixtures 
initially at atmospheric pressure. In the 10-cm. 
tube the static pressures and velocities are found 
to agree well with theory for mixtures with hydro- 
gen content in the approximate range 50-75%; the 
evidence from the pressure profiles and wave ve- 
locities indicates that mixtures outside this range 
may not be able to support ideal Chapman-Jouguet 
waves. Static pressure records in the 1. 6-cm. 
tube show relatively rapid decay of the pressure 
following the initial peak. Furthermore, the meas- 
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ured velocities are all less than ideal values, the 
deviations being greater for extreme compositions, 
A possible explanation of the discrepancy between 

experiment and theory, in terms of energy loss 

to the tube wall, is discussed. 


ON THE STABILITY OF A PLANE DEFLAGRA~ 
TION WAVE. J. Menkes. Royal Soc. (London) 
Proc., Ser. A, Dec. 15, 1959, pp. 380-389. Army. 
sponsored analysis of the stability of a one-dimen- 
sional deflagration wave to small disturbances. By 
introducing a suitable approximation to the steady- 
state temperature distribution, and after assuming 
that the Lewis Number of the umperturbed flow is 
unity, it is possible to obtain an explicit solution 
to the disturbance equation. It is demonstrated 
that within the framework of the present analysis 
the deflagration wave appears to be stable. 


ON THE EXISTENCE OF STEADY STATE 
FLAMES. A. L. Berlad and C. H. Yang. (Comb, 
Inst. West. States Sect. Meeting, June, 1958.) 
Comb. & Flame, Dec., 1959, pp. 447-452. Ex- 
amination of the adiabatic flame theories showing 
that the conditions, "adiabatic" and "steady state," 
imposed on the flame model are contradictory 
when a realistic reaction rate law is used. For 
the case of a freely propagating flame, only a qua- 
si-steady state can be achieved, even though the 
"adiabatic" condition is removed. Mathematically, 
this quasi-steady state can be described by a 
steady-state temperature profile coupled with a 
moving source near the "cold boundary" in such a 
way that both the temperature profile and the mov- 
ing source propagate at the same velocity. 


THEORY OF THE BURNING OF MONOPROPEIL- 
LANT DROPLETS. F. A. Williams.- (Comb. 
Inst. West. States Sect. Winter Meeting, Pasade- 
na, Jan. 20, 1958.) Comb. & Flame, Dec., 1959, 
pp. 529-544, 24 refs. Army-sponsored analysis 
considering the steady-state burning of a single 
liquid monopropellant droplet in an infinite inert 
atmosphere, including allowances for thermal com 
duction, diffusion, and chemical kinetic effects. 

An approximate analytical expression for the burm 
ing rate is derived for the case in which the active 
tion energies of all important reactions are large. 
Simplified forms of the governing equations are 
given for one-step reactions with specific boundary] 
conditions anda Lewis Number of unity. Anumeri- 
cal integration of the governing equations for second 
order reactions is performed for adiabatic burning, 
and an analytical correlation of the resulting burning 
rate as a function of droplet radius at low activa- 
tion energies is presented. Comparison is made 
with experiment, and the results are discussed. 


THEORY OF THE BURNING OF MONO-PRO- 
PELLANT DROPLETS. D. B. Spalding and V. K.] 
Jain. Gt. Brit., ARC CP 447, 1959. 13 pp. BIS, 
New York, $0.45. Derivation of formulas for the 
burning rate and time of monopropellant droplets 
suspended in an atmosphere of their own decompo-} 
sition products. The assumption of a constant liq- 
uid temperature and a high activation energy of the 
reaction is introduced. Some experimental data for 
qualitative support of the theory are presented. 
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One of a series 


On the riddle of rolling friction 


It doesn’t take much to roll a hard ball across a hard, 
smooth, level surface — actually only about 0.00001 times the 
normal force acting vertically on the ball. But by careful 
measurement of this tiny rolling force, scientists at 

the General Motors Research Laboratories 


are helping to unravel the riddle of rolling friction. 


An important relationship recently uncovered 

in this fundamental study: the rolling force is proportional 

to the volume of material that is stressed above 

a certain level. As a result, a GM Research group have not only 
confirmed the hypothesis of how a rolling ball loses energy 

(Answer: elastic hysteresis) but also have learned where 

this lost energy is dissipated (Answer: in the interior of the material, 
not on the surface). Mathematical analyses have indicated 

the exact shape of the elastically stressed volume 


in which all the significant frictional loss takes place. 


The purpose of friction research at the GM Research Laboratories 
is to learn more about the elastic and inelastic behavior 

of materials. This knowledge — of academic interest now — will 
eventually give GM engineers greater control of energy lost through 
friction. This is but one more example of how General Motors 


lives up to its promise of “More and better things for more people.” 


General Motors Research Laboratories 
Warren, Michigan 


__ Relationship of rolling force 
8 10 12 14 16x10 to elastically stressed volume. 
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mat., No. 1, 1959, pp. 136-144. 


In Russian. 
Determination of certain properties of second- 
order surfaces in an elliptical space. 


Algorifmicheskie A Konstruktivnykh 


Polnykh Separabel’nykh etricheskikh Pro- 
stranstvakh. G. S. Tseitin. AN SSSR Dokl., 
Sept. 1, 1959, pp. 49-52. In Russian. Deter- 
mination of the properties of algorithmic opera- 
tors in constructive, complete, separable metric 
spaces. 


Transforms 


On the Double Laplace Transforms of Some 
Green’s Functions. James Radlow. J. Math. & 
Phys., Oct., 1959, pp. 203-205. USAF-sponsored 
research. 

A General Method to Find the Laplace Trans- 
form of an Arbitrary Function Cut Off at an 
Arbitrary Point. Shin’ichiro Takeda. Hosei U. 
Tech. Coll. Rep. 4, Aug., 1959, pp. 1-11. 

A Theorem on Integral Transforms with an 
Application to Prediction Theory. J. Chover. 
J. Math. & Mech., Nov., 1959, pp. 939-945. 
Army-Navy-supported study. 


Laplace Transform of Exponential Function 
Whose Index Includes Sine or Cosine Function. 
Keisuke Onuma. MHosei U. Tech. Coll. Rep. 4, 
Aug., 1959, pp. 20-28. 


Mechanics 


On a Problem of Nonlinear Mechanics. D.G. 
Magiros. Info. & Control. Sept., 1959, pp. 297- 
309. 10 refs. Analysis of a forced oscillatory 
system which is linearly damped but nonlinear 
in the restoring force. 

Ob Ustoichivosti Periodicheskikh Dvizhenii v 
Sluchae Dvukh Nulevykh Kornei. S. V. Kalinin. 
Prikl. Mat. i Mekh., Sept.-Oct., 1959, pp. 975- 
977. In Russian. Extension of a previously de- 
veloped method to the calculation of stability of 
periodic motions for the case involving two zero 
roots. 


Preliminary of High- 3 Impact 


Information. anken. USAF WADC 
58-577 (AD 1959. 24pp. 17 
refs. 


K Teorii Kolebanii Uprugikh Tel, Imeiushchikh 
Zhidkie Polosti. N.N. Moiseev. Prikl. Mat. i 
Mekh., Sept.-Oct., 1959, pp. 862-878. In Rus- 
sian. Presentation of an approximate theory on 
the vibration of elastic bodies having cavities 
filled with liquid. The assumptions introduced 
into the study are presented along with general 
= spectral analysis, and variational prin- 
ciples 


Meteorology 


Studies Relating to Condensation Trails. 
Carnegie Inst. Tech. Dept. Mech. Eng. Final Rep. 
(AFCRC TR 59-257), July, 1959. 67 pp. 15 
refs. Presentation of three studies on condensa- 
tion trail phenomena. The first is on experimental 
determination of the effect of hygroscopic nuclei 
on the size and concentration of water drops in a 
contrail. The second is a numerical evaluation of 
the equations of drop growth. In the third, a 
new theory of nuclei growth is presented, based on 
the kinetic theory of gases. 


The Acceleration of Water Drops by an a 
stream of Constant Relative Velocity. D. 
Jenkins. Gt. Brit., RAE TN Mech. Eng. 295, 
May, 1959. 13 pp. 


Viiianie Izmeneniia Vertikal’noi Sostavliaiu- 
shchei Skorosti Vetra na Obrazovanie Livnevykh 
Osadkov i Grada. N. Sh. Bibilashvili, A. M. 
Zaitseva, V. F. Lapcheva, A. A. Ordzhinokidze, 
and G. K. Sulakvelidze. AN SSSR_ Dobkl.. 
Sept. 21, 1959, pp. 521-524. In Russian. Dis- 
cussion covering the effect of variation of the ver- 
tical component of wind velocity on the formation 
of rain precipitations and hail. 


The Relation Between Height Patterns at 500 
mb. and 100 mb. P. R. Julian, Lowell Krawitz, 
and H. A. Panofsky. Mo. Weather Rev., July, 
1959, pp. 251-260. 18 refs. 


The Theory of Locally Isotropic Puen. 
A. S. Monin. Sov. Phys. - Dokl., 1959, pp. 
Translation. of an ap- 
proach to locally isotropic turbulence which 
yields more precise derivations of known results 
and leads to new results. 


Winds and Wind Structure at 100,000 Feet from 
Constant Altitude Balloon Trajectories. Ap- 
pendix A—Trajectories of IGY Balloon Flights. 
Appendix B—Three-Hour-Average Velocities 
from Constant Altitude Balloon Flights. H. T. 

antis. U. Minn. Sch. Phys. Dept. Mech. Eng. 
Final Sci. Rep.(AFCRCTR 30. 243)[ADZ14504}, 
Apr., 1959. 84 pp. 


Radio Echo of Certain Invisible Objects of the 
Troposphere. A. G. Gorelik and V. V. Kostarev. 
Sov. Phys. - Dokl., Oct., 1959, pp. 319-321. 
Translation. Recording of radar echos and analy- 
sis of these results to establish some relations be- 
tween the data from radio-location soundings 
and the meteorological conditions. 


Synoptic Application of Dynamical Conce; 
Appendix I—Measurements of Horizontal 
vergence and Vertical Velocity, G. B. Brown oa 
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Frederick Sanders. Appendix I11—Some Rela- 
tionships Between Air Mass Stability, Large- 
Scale Vertical Motion and Thunderstorm Fre- 
uency, A. J. Wagner and Frederick Sanders. 
ppendix I1I—Some Linear Estimates of the Pre- 
dictability of Precipitation, T. M. Noel and Aaron 
Fleisher. Appendix IV—Ceiling and Visibility 
Fluctuations, Morton Glass and J. M. Austin. 
MIT Dept. Meteorology Final Rep. (AFCRC TR 
[A D 212267], Feb. 28, 1959. 92 pp. 25 
refs 


Atmospheric Structure & Physics 


Horizontal Diffusion in the Atmosphere as 
Determined by Geostrophic Trajectories. C. S. 
Durst, A. F. Crossley, and N. E. Davis. J. 
Fluid Mech., Oct., 1959, pp. 401-422. 13 refs. 

Production of Carbon in the Upper Atmosphere. 

. P. Chopra. USCEC Rep. 56-208 (AFOSR 
TN 59-902), July 31,1959. Spp. 12 refs. 

Physical Processes for Balance Requirement in 
the Atmosphere During a Period of Major a a 
of Hertiispherical Circulation Pattern. T. 
Yeh, L. S. Chen, and S.C. Sun. Sci. Rec., Aug.. 
1959, pp. 359-366. 

Factors Leading to the Meridional Extension of 
Therma! Troughs and Some Forecasting Criteria 
Derived from Them. M. K. Miles. Meteoro- 
logical Mag., July, 1959, pp. 193-203. 

Minimum Temperatures in the Lower Strato- 
sphere. N. A. Stepanova. Mo. Weather Rev., 
July, 1959, pp. 269-274. 25refs. Survey of the 
lowest observed temperatures in the lower atmos- 
phere on a global scale to provide a background 
for further investigations in this field. 


Upper Air Research . 


Comparison of Various Conditioning Methods 
for Rawinsonde Balloons; Results from the 
South Pole Station, Antarctica, 1957. E. C. 
Flowers and H. Hansen. Mo. Weather Rev., 
July, 1959, pp. 261-267. 


Missile, Rocket, & Space Technology 


Missiles 1959. Flight, Nov. 6, 1959, pp. 507— 
516. Survey of ballistic, aerodynamic cruise, 
battlefield, air-to-surface, antisubmarine, sur- 
face-to-air, and air-to-air missiles presenting the 
development program and design characteristics. 


Na Raketoplanakh—v Kosmos. N. Romanov. 
Grazhdanskaia Aviatsiia, Oct., 1959, pp. 13-15. 
In Russian. Discussion, based on available data, 
of various possibilities of cosmic flight, including 
propulsion systems, propellants, trajectories, de- 
sign aspects, and human factors. 


Interplanetary Communication and Navigation. 
P. A. Castruccio. The Aeroplane & Astronautics, 
Nov. 6, 1959, pp. 446-448. Discussion of some 
of the problems facing the future space navigator, 
including: (1) navigational guidance, (2) ship-to- 
base communications, (3) ship-to-ship communica- 
tions, (4) anticollision means, and (5) planetary 
mapping from a planet- circling spaceship. 


Synthesis of Storable Rocket Fuel During 
Space Missions. E. L. Colichman. Astronau- 
tics, Dec., 1959, pp. 32-35, 80. Discussion of the 
possibilities of chemical synthesis of storable 
rocket fuel from food and respiratory byproducts 
as an alternative to the closed ecological algae 
system for long space missions. 


Energetica Lansarii Randamentul 
Motoarelor-Ejectoare. N. Vasil escu. Karpen. 
Stud. Cerc. Mec. Aplic., No. 2, 1959, pp. 587-601. 
In Rumanian, with summaries in English and 
Russian. Discussion covering some energy con- 
siderations on the launching of artificial earth 
satellites, including the performance of rocket 
vehicles. 


Automatic Checkout and Alarm owe 
Some Basic Design Considerations. B. 
Smith. Missile Des. & Devel., Nov., 1959, = 
36, 37. Discussion of methods to improve check- 
out systems considering the following basic char- 
acteristics which define information: change, 
rate of change, direction of change relative to 
present operating point, and change from a pre- 
dictable normal operating pattern. 

Mobile Range Instrumentation for Point Mugu. 
Peer Fossen. GSE, Oct.-Nov., 1959, pp. 92-94, 
96. Description of portable equipment for missile 
flight control and flight data storage for later re- 
duction and analysis. 


O Slediashchem Privode s Giroskopami na 


Kolebliushchemsia Osnovanii. S. Koles- 
nichenko. Aviom. i Telemekh., Aug., 1959, pp. 
1103-1110. In Russian. Description of an auto- 


matic tracking system on an oscillating foundation 
with power gyroscope drive. The device meas- 
ures the absolute angular velocity of the line of 
ova of celestial bodies or artificial earth satel- 
ites. 

The Determination of Space Orientation and 
Length of an Elongated Object from —— of 
Long Focus Photographs. H. K. Eichhorn. 
RCA Data Proc. TR 51 (AFMTC TR 59-19), 
Sept.4,1959. 35 pp. 

Triangulation—A Precise Method for Satellite 
Tracking. P. G. Kirmser and I. Wakabayashi. 
Franklin Inst. J., Nov., 1959, pp. 337-351. De- 
scription of the photographic triangulation tech- 
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nique for tracking satellites of moderate height ang 
brighter than fourth or fifth visual magnitude to 
an accuracy of within 100 yards. 


Analog Simulation of a Passive Anti- -Rolling 
Tank System ~ a Missile-Range Ship. J. w. 
Church. U.S., Navy Dept., David Taylor Mod 
Basin, HL Rep. 1322, May, 1959. 16 pp. 


Australia’s 210-Foot Radio Telescope Project, 
F. J. Kerr. Sky & Telescope, Oct., 1959, pp. 666~ 


668. Description of a 210-ft. steerable parabo. © 


loid for radio astronomy operating at a wavelength | 
of 20 cm. and giving reasonable performance | 
down to 10cm. The reflecting surface is withiy 
1/2 in. of truly parabolic. 


Low-Cost Active Radar For Miss-Distany 
Data. W.H. Doty. Electronics, Nov. 20, 1959 7 
pp. 91-93. Description of an active radar miss. 
distance indicator designed to be self-containg 
within a target drone. Transmitter sweep rat 
acts as a measure of distance between target anj 
missile, and can be read out directly at a ground 7 
station. 


Ballistics, Re-Entry 


Bacis Ballistics; Considerations of ‘Trajectan| 
and Re-Entry. ailie. Flight, 
1959, pp. 501-506. Presentation of some pe. 
formance data for missiles during the powerei 
and free-flight phases of a mission. 


Comparison of Minimum Energy Paths ani 
Designation Paths. Wayne Tempelma 
RS J., Nov., 1959, pp. 865-868. Study of tw 
different paths revealing that for distancy 
greater than three times the injection distany)” 
there is little difference. 


Distances less than 


the injection distance reveal significant diffe. pe 


ences. For minimum energy paths there is, com)” 
sponding to each velocity, a reachable enveloyy” 
which constitutes an ellipse. 


The Penetration of Planetary Atmosphers 
Carl Gazley, Jr. (ASME Av. Conf., Los Angel; 
Mar. 8-12, 1959, Paper 59—Av-27.) ASME Tran 
Ser. C - HT, Nov., 1959, pp. 315-322. Study df 
re-entry problems as resolved into two gener 
classes: (1) gradual entry into the atmosphen/ 
with relatively low deceleration loads and heatiy: 
rates low enough so that heat may be rejected ly) 
thermal radiation from the surface; and (9 
direct entry with higher deceleration loads aif) 
higher heating rates with heat being absorbed ly 
the body surface. 


Some Extensions of the Hohmann Trans 
Maneuver. T. N. Edelbaum. ARS J., No 
1959, pp. 864, 865. Analysis considering som 
examples of two- and three-impulse maneuvey) 
which are more economical of fuel (or characters 5 
tic velocity) than the corresponding one- and twh 
impulse maneuvers. 


Guidance, Control, Stability 


Applicability of Euler’s Dynamical Equations! 
Rocket Motion. J. W. Ellis and Ch. W. 
Arthur. ARS J., Nov., 1959, pp. 863, & 
USAF-supported derivation of a'set of equati 
for the rotational motion of a rocket with vary 
moments of inertia and center of mass thatr 
duces to the standard Euler dynamic equatio 
when the mass and center of mass of the rocket# 
constant. 


Dynamic Problems Associated with Satelii 
Orbit Control. B. W. Augenstein. (ASME 
Conf., Los Angeles, Mar. 8-12, 1959, Paper 5 
Av-4.) ASME Trans., Ser. B - El, Nov., l8 
pp. 281-288. 13 refs. Calculation of the mag 
tude of impulsive applications of force required! 
perturb the orbit by desired amounts, under? 
assumption of a central force field. From the 
results, the case of continuously applied for 
may be derived. 


Spacecraft 


Ringing in the Future. J. A. Newba® 
Astronautics, Dec., 1959, pp. 30,76, 78. 
tion of the Explorer II satellite and its instrum™ 
tation. 


Inflatable Satellites. The Aeroplane & A® 
nautics, Nov. 20, 1959, pp. 518,519. Presentat 
of details on the design of the balloon-like si 
lites which are being developed for upper aif’ 
search and experiments in radio communicati# 


New Method of Solution for Unretati 


Satellite Orbits. J.P. Vinti. (U.S., NBS 
6449, July 1, 1959.) J. Res., Sect. ’B- MI 
Oct.-Dec., 1959, pp. 105-116. USAF-suppo™ 
research. 


Atlas-Able IV Instrumentation Detailed. ° 
Week, Dec. 14, 1959, pp. 53, 55, 57. 


Results in Geodetic Photogrammetry. I-! 
Precise Determination of the Location of ¥ 
muda from Photogrammetric Observatiol 
Flares Ejected from Juno II. D. C. Bre 
RCA Data Proc. TR 54 (AFMTC TR 5 
Oct. 27, 1959. 30 pp. 


Radio-Repeater Satellites. The Aeroplat 
Astronautics, Nov. 27, 1959, pp. 542-545. ? 
cussion of the possibilities for a radio-rep 
satellite in a 24-hour equatorial orbit to ™ 
radio and television programs. 
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Navigation 


Electronic Aids 


The Doppler VOR. Peter Caporale.. J. Air 
Traffic Control, Oct., 1959, pp. 4-6. Discussion of 
the principles of a system designed to overcome 
the adverse effects of site conditions and surround- 
ing terrain. 


Traffic Control 


Air Traffic Control Data Handling and Display 
Equipment. F. M. Law. Interavia, Oct., 1959, 
pp. 1257-1259. 

Automatic Ground Control Approach System 
AN/MSN-3. R. M. Brooks and W. F. Hoy. 
USAF RADC TR 59-32 [AD 211936], June, 
1959. 61 pp. 


Nuclear Energy 


Why Nuclear Rockets? S. P. Kaprielyan. 
Aircraft & Missiles, Dec., 1959, pp. 30-32. Dis- 
cussion of nuclear rocket projects under develop- 
ment in the USA and the design problems asso- 
ciated with them. 

Design Considerations for Direct-Air-Cycle 
Powerplant. W.F.Savage. Aircraft & Missiles, 
Dec., 1959, pp. 16-19. Discussion emphasizing 
the shielding problem and the use of the divided 
shield. 

Advanced Nuclear Space Units Probed. J. S. 
Butz, Jr. Av. Week, Nov. 16, 1959, pp. 126-129, 
131, 133. Description of possible configurations 
for nuclear space propulsion including gaseous 
fuel rockets, solid fuel reactor rockets having a 
chamber pressure of less than one psi, and large 
solid-fuel nuclear rockets in which the nozzle is 
part of the reactor. Performance and space ap- 
plications are discussed. 

Propulsia Nucleara in Aviatie. II. S. Sandules- 
cu and T. Comanescu. Rev. Transp., Sept., 
1959, pp. 398-402. In Rumanian. Discussion of 
structural problems arising in connection with 
nuclear propulsion in aviation. 

Radiation Effects on Materials and Systems. 
R. E. Bowman and C. J. Lyons. Battelle Tech. 
Rev., Oct., 1959, pp. 8-12. Discussion of the 
effects of nuclear radiation upon various materials 
and the interrelationship of these effects in a sys- 
tem. 


Nuclear Effects on Materials. Aircraft & 
Missiles, Dec., 1959, pp. 22-24. Discussion of 
the effects of nuclear radiation on organic materi- 
als used in aircraft. 

Calculation of the Rate of Energy Deposition in 
Polyethylene by Reactor Radiation. D. E. Kline 
Aa aa J. Appl. Phys., Nov., 1959, pp. 


Photography 


A Method of Contrast Control in Continuous- 
Tone Xerography. J. T. Bickmore, R. E. Hay- 
ford, and H. E. Clark. Photographic Sci. & Eng., 
Sept.-Oct., 1959, pp. 210-214. USAF-sponsored 
description of a method of contrast control suit- 
able for xerographic printing of continuous-tone 
photographic negatives. 

How to Select Aerial Cameras. Samuel Bou- 
sky. Space/Aeronautics, Nov., 1959, pp. 117- 

21. Discussion of basic parameters affecting the 
performance of aerial cameras, and explanation 
of three nomographs giving exposure time, target 
definition, and a series of operational factors. 

Oscilloscope-Camera Recorders. Instruments 
& Control Systems, Oct., 1959, pp. 1520-1525. 
Survey of recording equipment for signals above 
5,000 cps, which includes units for single-frame 
continuous-film motion, and cine-film 
motion. 


Multiflash Photography. H. E. Edgerton and 
F. E. Barstow. Photographic Sci. & Eng., Nov.- 
Dec., 1959, pp. 288-291. Discussion of several 
typical electrical circuits for multiflash lighting 


with emphasis on a combination operated up toa 
100-ke. rate. 


Physics 


Basic Principles of Calculating Effective Optical 
Mass for Atmospheric Transmission Studies. 
N.R. Williams. U.S., NMC TM 59-11, Aug. 21, 
1959. 26 pp. 17 refs. 

Elektronno-Opticheskii Metod Issledovaniia 
Elektricheskogo Razriada v Gaze. E. N. Brago. 
AN SSSR Vestnik, Mar., 1959, pp. 52-54. In 

ussian. Description of an electronic-optical 
ained applied to the investigation of electric 

ischarges in gases, encountered in such problems 
as the mechanism of long sparks, and the forma- 
tion and existence of gas-discharge plasma. 

“ Photon IR Detectors: Physics and Applica- 
— M. M. Antonoff. Space/ Aeronautics, 
ae 1959, pp. 205, 209, 210. Review of the 
an amental physics of the infrared detectors — 
Photoemissive; photoconductive, and photo- 
oltaic types. Latest advances in IR masers are 
covered. 

Multilayer Interference Filters for the In- 
frared. V. N. Smiley. U. Col. Dept. Phys. 
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UAL Sci. Rep. 3 (AFCRC TN 59-601), Oct., 
1959. 149 pp. 26refs. Discussion of the basic 
theory of interference filters starting with the 
simple Fabry-Perot filter. 


Pressure Modulation of Infrared Absorption. 
J. C. Gilfert and Dudley Williams. (OSA J., 
Mar., 1959, pp. 212-216.) Ohio State U. Res. 
Found. (P-754) Sci. Rep. 2 (AFCRC TN 59-474), 
June, 1959. 38 pp. 16 refs. 

A Study of the Reflection Efficiencies of a Water- 
White, Silver-Backed Glass Mirror at Different 
Angles of Incidence. Fred Allison and Kenneth 
Steele. USAF MDC TN 59-27, Oct., 1959. 62 
pp. 

Analytic Wave Function. III—The Spin-Or- 
bit, Spin-Other Orbit and Spin-Spia Interactions. 
R. G. Breene, Jr. G-E MSVD ALTIS R59SD- 
414, Oct. 20,1959. 17 pp. 


Second Born Approximation to the Bremsstrah- 
lung Differential Cross-Section. C. Kacser. 
Royal Soc. (London) Proc., Ser. A, Nov. 17, 1959, 
pp. 103-120. 


Astrophysics 

Ob Osnovnom Istochnike Solnechnykh Kor- 
puskuliarnykh Potokov. E. R. Mustel’. AN 
SSSR Dokl., Sept. 11, 1959, pp. 265-268. 17 
refs. In Russian. Discussion of available data 
on the main source of solar corpuscular streams. 


Geophysics 


Special Issue: Proceedings of Fifth Meeting. 
(5th ICSU Mixed Comm. Ionosphere Meeting, 
Proc., New York, Aug. 14-16, 1957.) J. Atmos. 
& Terrestria! Phys., Nos. 1/2, Sept., 1959. 174 
pp. 248 refs. Partial Contents: Global Morphol- 
ogy of the E- and Fi/-Layers of the Ionosphere, 
Edward Appleton. Vertical Drift Effects in 
Region-E, W. J. C. Beynon. Movements in the 
Quiet F-Layer Over Slough, J. A. Ratcliffe, A. R. 
Robbins, and J. O. Thomas. Disturbances in the 
Lower Auroral Ionosphere, S. Chapman. The 
Outermost lonosphere, S. Chapman. Geophysi- 
cal Effects of Solar Corpuscular Radiation, S. F. 
Singer. The Morphology of the Lower Iono- 
spheric Regionin Auroral Latitudes, S. Matsushita. 
A New Theory of Formation of the F2-Layer, 
Toshiyuki Yonezawa. Dynamical Structure of 
the Ionospheric F2-Layer as Deduced from the 
World-Wide Daily Variations, Tatsuo Shimazai. 
Ionospheric F2-Disturbances Associated with 
Geomagnetic Storms, Teruo Sato. Winds in the 
Upper Atmosphere, W.G. Elford. Air Motions at 
Meteoric Heights, L. A. Manning. Wind Sys- 
tems and Drift Motions in the Ionosphere De- 
duced from the Dynamo Theory, M. Hirono, H. 
Maeda, and S. Kato. Magneto-Hydrodynamic 
Waves in the Ionosphere, Syun-Ichi Akasofu. 
Analysis of Pulse-Delay Data from Rockets for 
the Determination of Electron Density, W. Pfister 
and J. C. Ulwick. 


A Computer Program for Obtaining Refractive 
Indices and Polarizations from the Appleton- 
Hartree Equations and Magneto-Ionic Tables for 
Cape Canaveral. E. A. Mechtly. Penn. State 
U.IRL Sci. Rep. 116, Feb. 15,1959. 64 pp. 


Experimental and Theoretical Investigations 
of the Low Frequency Polarization at 60, 75 and 
150 kc/s. A. J. Ferraro. Penn. State U. IRL 
Sci. Rep. 221 (AFCRC TN 59-632), July 31, 
1959. 96 pp. 15 refs. 


Rate of Extensive Showers of High Electron 
Density at Sea Level. Doublin Inst. Advanced 
Studies Sch. Cosmic Phys. Final TR (AFOSRTR 
59-54) [AD 216623], 1959. 16 pp. 12 refs. 
Investigation carried out in both Ireland and 
Jamaica to determine the following: (a) the 
variation in rate of local penetrating showers of 
the cosmic radiation with solar time, (b) the 
variation in rate of dense extensive air showers 
with solar time, and (c) the variation in rate of 
penetrating extensive air showers with sidereal 
time and the measurement of shower directions. 


The Sun as a Source of Cosmic Rays of Inter- 
mediate Energies. J. Katzman. Can. J. Phys., 
Nov., 1959, pp. 1207-1215. 18 refs. 


The Study of the Terrestrial Corpuscular Radia- 
tion and Cosmic Rays During the Flight of a Cos- 
mic Rocket. A. E. Chudakov, P. V. Vakulov, 
and Yu. I. Logachev. Sov. Phys. - Dokl., Oct., 
1959, pp. 338-342. Translation. Presentation 
of results of the preliminary analysis of data from 
a cosmic rocket (fired on January 2, 1959) for a 
range of distances from 8,000 to 150,000 km. from 
the center of the earth. 


A Gravitational Force Function for the Earth 
Representing All Deviations from a Spherical 
Geoid. R. H. Wilson, Jr. Franklin Inst. J., 
Nov., 1959, pp. 378-387. 14 refs. Analysis of 
the area of deviation from a uniform spherical 
gravitational field, as represented by a separate 
series of Legendre polynomials having its pole of 
reference centered on the area. The expressions 
derived for the earth’s spherical gravitational 
fields and for the fields of the moon and sun are 
combined into a complete force function for satel- 
lite orbit development by numerical integration. 


O Simmetricheskikh Poliakh Tiagoteniia. A. 
Z. Petrov. MVO SSSR VUZ Izv. Matemat., No. 
2, 1959, pp. 189-197. Im Russian. Analysis 
covering symmetrical gravity fields and formula- 
tion of the necessary boundary conditions. 


Special Issue: The Histories of the Interna- 
tional Polar Years and the ye and Develop- 
ment of the International Geophysical Year. 
+4 a vol. I, Pts. I, II, III, 1959. 446 pp. 
162 refs. 


Special Issue: The Membership and Programs 
of the IGY Participating Committees. JGY 
Ann., vol. 1X, 1959. 306 pp. 


Ionospheric Investigation from Satellite Radio 
Observations. I—Doppler Effect Recording In- 
strumentation. W. J. Ross. Penn. State U. 
IRL Sci. Rep. 120 (AFCRC TN 59-631), June 30, 
1959. 81 pp. 14 refs. Survey of the main 
features of satellite transmitters and of the iono- 
spheric propagation effects in the radio waves 
produced by the transmitters. From these con- 
siderations, the desirable properties of the trans- 
mitter are summarized and the necessary proper- 
ties of the receiving apparatus are inferred. 


Power Plants 


Thermoelectron Engines: Future Power 
Sources? G. N. Hatsopoulos, John Welsh, and 
Edwin Langberg. Electronics, Nov. 13, 1959, pp. 
69-72. Survey of techniques and devices cur- 
rently under development including such aspects 
as thermoelectric and thermionic conversion, 
thermoelectron engines, heat sources, engine 
operation, gas diodes, magnetic triodes, space 
charge effects, vacuum diodes, maximum power 
density, element spacing, and combination 
engines. 

Power in Space: Probable Solution—A Solar 
Power Plant. J. H. Fisher and W. R. Menetrey. 
(ASME Av. Conf., Los Angeles, Mar. 9-12, 1959, 
Paper 59-Av-18.) Mech. Eng., Nov., 1959, pp. 
49-51. Discussion of power sources covering 
solar energy, the photovoltaic cell, the solar tur- 
boelectric system, and nuclear systems considering 
such problems as shielding, heat rejection, and 
meteoroids. 


Water Rockets. D. J. Zigrang. Astronautics, 
Dec., 1959, pp. 42, 43,48. Discussion of research 
in steam rockets, their possible application, and 
performance. 


New Ion Source for Propulsion of Space Vehi- 
cles. C. D. Moak, H. E. Banta, J. W. Johnson, 
and R. F. King. ARS J., Nov., 1959, pp. 868, 
869. Description of a duo-plasmatron ion source 
having a possible application for low thrust, high 
specific impulse ion propulsion. 


Jet & Turbine 


Special Issue: Gas Turbine Engines 1959. 
Interavia, Nov., 1959, pp. 1359-1377. Partial 
Contents: Crystal Gazing, F. R. Banks. The 
British Aero-Engine Scene, J. H. Stevens. The 
General Electric J85 Turbojet Engine, G. H. 
Ward. From Turbojet to Turbofan. Develop- 
ment and Production of the Rolls-Royce Conway. 


Investigation of Jet Flameholders. III. G. A. 
Agoston, R. H. Eustis, A. W. Noon, and T. D. 
Witherly. USAF WADC TN 56-316, Pt. III 
[AD 211846], Sept., 1958. 38 pp. 17 refs. 
Analytical and experimental study of the holding 
of flame in a stream of a combustible gas mixture 
by a small gas jet directed upstream. 


Damage to Axial Compressors. J. Dunham. 
RAeS J., Oct., 1959, pp. 576-580. Discussion of 
the problem and description of an experimental 
approach to assessing the relative merits of dif- 
ferent blade materials from the damage point of 
view. 


Canadian P & W Develops 500 hp Turboprop. 
Aircraft (Canada), Oct., 1959, pp. 49,78. Design 
characteristics and performance data of the PT-6 
turboprop and turboshaft engines. 


Rolls-Royce Civil By-Pass Engines. The 
Aeroplane & Astronautics, Nov. 20, 1959, pp. 
511-513. Design details of different versions of 
the by-pass engine. 


Turbofans; A Survey of Current Airline Power- 
plants. Flight, Oct. 30, 1959, pp. 455-459. Com- 
parison of various design approaches to the 
problem of double flow engines. 


Snark Fuel System Heeds Ten Command- 
ments; Becomes More Reliable. B.B. Richard- 
son. SAE J., Nov., 1959, pp. 35-37. 

Flight Performance of a Jet Power Plant. III— 
Operating Characteristics of a Jet Power Plant 
as a Function of Altitude. F. Weinig. (Stuttgart 
Tech. Hochsch. FKF FB 1743/3, 2WB, Nov. 1, 
1943.) U.S., NACA TM 1258, May, 1951. 40 
pp. Translation. 

Thrust Reversal for Jet Aircraft. R.H. Colley. 
RAeS J., Oct., 1959, pp. 563-571. Description 
of the design and development of a thrust reverser 
for the Rolls-Royce Avon. Includes details of 
the box frame, outlet vanes, reverser doors and 
seals, bearings, pneumatic rams and linkage, selec- 
tor valve, and control system. Test results are 
summarized. 


Ram-Jet & Pulse-Jet 


The Solid-Fuel Ramjet. H. P. Jenkins, Jr. 
Astronautics, Dec., 1959, pp. 44, 45, 92,94. Dis- 
cussion of the principles of the system; compari- 
son with a rocket; and details of the development 
program, combustion efficiency, and types of fuel. 
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Reciprocating 


Dvigateliam—Dolguiu Zhizn’. N. Golego 
Grazhdanskaia Aviatsiia, July, 1959, pp. 24, 25, 
In Russian. Brief discussion covering the contact — 
surface failure in master and articulated connect. | 
ing rods of reciprocating engines. ' 


Rocket 


La Propulsione a Endoreazione. Missili, Feb 
1959, pp. 65-72. InItalian. Discussion covering 
rocket propulsion, including a survey of the fields 
of application, solid or powder propellants, liquid 
propellants, and oxidizers. 

Rocketdyne Studies Pumps, Future Liquid 
Propellants. Russell Hawkes. Av. Week, Noy 
23, 1959, pp. 56, 57, 59-73 (ff.). Discussion of | 
the research on the following problems: turbo. © 
pumps driven by gas tapped from the thrust cham. 
ber, satisfactory uncooled nozzle skirts, better 
thrust vectoring devices, more easily producible 
propellant injectors, and more useful storable and 
high-energy propellants. 

Liquid-Prepack Engines. S. P. Kaprielyan 
and J. P. Kushnerick. Aircraft & Missiles, Noy. 
1959, pp. 6-10. Discussion of the design and 
production of storable-liquid fuel rocket engine for 
the Sparrow III and Bullpup missile. iz 


Production 
New Materials Pose Problems for Mechanical 


Joining. Irwin Stambler. Space/ Aeronautics, La 
Nov., 1959, pp. 73, 74, 76, 78-80 (ff.). Discussion © 


of riveting and bolting methods considering the 
trend to higher strength fasteners and the need | 
for new methods of hole preparation in high. 
strength, high-temperature metals. 


Douglas DC-8; Production of the Transatlantic 
Airliner at the New Long Beach Plant. D. 
Voss. Aircraft Prod., Dec., 1959, pp. 421-428, 

Vickers Vanguard. IV—Wing Ground-Riz | 
Assembly and Installation of Systems. Aircrajj 
Prod., Dec., 1959, pp. 434-447. . 


Metalworking 


space Materials. I—Bonding, G. D. Cremer 
Il—Welding, G. W. Oyler. Space/ Aeronautics 
Nov., 1959, pp. 63-65. Review of inert-gas. | 
shielded-arc welding processes and the fabrication i 
of structural sandwich assemblies. e 


New Techniques, Greater Precision for Form- © 
ing Processes. I, II. E. W. Feddersen and J. A) 
Elder. Space/Aeronautics, Nov., 1959, pp. 8, © 
87,89, 91,93. Survey of power spinning, forging, 
extruding, sheet rolling, and high-energy rat: e 
forming techniques. 


How to Machine Molybdenum. H. L. Sick” 
mann and L. A. Sowinski. Aircraft & Missiles) 
Nov., 1959, pp. 33-36. Description of an ex | 
perimental investigation made to improve the! 
machinability of pure arc-cast molybdenum, /— 


How to Machine Zirconium Alloys. A. 0 
Schmidt and J. R. Roubik. Tool Engr., Nov 
1959, pp. 87-89. Abridged. Study of the m 
chinability of zirconium alloys, with particula 
reference to their pyrophoric and deformation 
characteristics. 


Ultra-High-Strength Alloys. I—Machinix 
Tests Using High Speed Steels and Tungsten 
Carbide Tooling. Il—Analysis of Machinin 
Tests on Representative American Materials 
John Maranchik, Jr., J. V. Gould, and P. R 
Arzt. Aircraft Prod., Nov.; Dec., 1959, pp 
402-409; 429-433. 


Chipless Methods for Machining High Ten- 
perature Metals. A.G. Jones. Space/ Aeronsi- 
tics, Nov., 1959, pp. 48-51. Review of chemici 
milling, electrolytic, electric-discharge, electron 
beam, ultrasonic, and plasma-jet machining ani 
the material displacement method. The advas 
tage and limitations of each process and the type 
of material it can handle are discussed. 

How to Apply Electrolytic Machining. L. 4 
Williams. Tool Engr., Dec., 1959, pp. 43-1! 
Discussion of the principles of metal removal }) 
electric current flow considering metal removi 
rates, current density, contact areas, and applic: 
tion to cavity sinking. 

Deep-Hole Drilling; A Fast and Accurate Pr 
duction Process for Machining from Solid. ¢ 
= Stewart. Aircraft Prod., Nov., 1959, pp. 3% 
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Machine Tools Today. R. L. Vaughn and 6 
R. Clemens. Space/ Aeronautics, Nov., 1959, 
45-47. Review of machine tools and machitt 
tool cutters including data on the use of curret! 
cutters to machine AM-350 alloy. 

Chemical Milling Honeycomb. Philip Geddt 
Aircraft & Missiles, Nov., 1959, pp. 38, 39. De 
scription of the use of chemical etchants for © 
touring core material, thus cutting costs by m0 
than 50 per cent. 

Shot-Blast Finishing. Aircraft Prod., De 
1959, pp. 416-420. Description of an install 
tion to finish a wide variety of parts to surfat 
finishes of 60-80 microin. 

Numerical Control Comes Into its Own. 
Eskelin. Space/Aeronautics, Nov., 1959, 
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97, 98, 100, 102-110 (ff.). 
automatic programing of N-156F nacelle frame 


Description of semi- 


production. Typical 
and shapes are shown. 


Control of Process Variables—Key to the Suc- 
cessful Welding of Foil. John Campbell. 
(AWS 40th Annual Meeting, Chicago, Apr. 6-10, 
1959.) Welding J., Dec., 1959, pp. 1182-1191. 
Application of the inert-gas-shielded tungsten- 
are process to the fusion welding of plain butt 
joints in foil. 


Standards of Welding for Airframe and Air- 
craft Engine Parts. F. J. ranter. Brit. 
Welding J., Oct., 1959, pp. 443-455. Survey of 
the various forms of test and inspection methods 
needed to comply with official requirements, with 
particular emphasis on competency tests for 
operators. 


Spot Welding of Primary Aircraft Structures; A 
Survey of Eight Years’ Experience. N.K. Gard- 
ner. Brit. Welding J., Oct., 1959, pp. 461-466. 
Description of spot welding techniques used for 
high-grade aluminum alloys, and of various 
methods of quality control. 


New Developments in Brazing High-Tempera- 
ture Nickel-Base Alloys. E. H. Kinelski and 
J. B. Adamec. Welding J. Res. Suppl., Dec., 
1959, pp. 482-s—486-s. Application of a self- 
fluxing brazing alloy, consisting of a palladium- 
nickel alloy modified with lithium and boron, to 
nickel-base alloys containing aluminum and tita- 
nium. 


High-Frequency Induction Brazing and Solder- 
ing. Joseph Libsch and Pat Capolongo. Weld- 
ing J., Nov., 1959, pp. 1059-1069. Descrip- 
tion of the equipment and operation of an induc- 
tion soldering and brazing system. Applications 
to production-line operations are also discussed. 


(USAF WADC 
Aircraft & Missiles, 


equations, control lines, 


Brazing Titanium Sandwich. 
TR 58-467, Jan., 1959.) 
Nov., 1959, pp. 22-24. 


Production Engineering 


Consideraciones Generales Sobre Organiza- 
cién Industrial. J. L. S. Lépez. Rev. Aero., 
Aug., 1959, pp. 647-656. InSpanish. Survey of 
problems of industrial organization, covering 
such aspects as programing, systematization, 
and control. 


Weight Reduction Through Tolerance Control. 
G. A. Hoffman. Tool Engr., Nov., 1959, pp. 
107-111. Discussion of additional manufactur- 
ing operations for obtaining closer tolerances on 
sheet materials for lightweight aircraft and rocket 
structures. 


The Space-Age Challenge in Measurements. 
Frank McGinnis. Aerospace Ind. Assoc. QCC 
Paper, Aug. 25,1959. 16 pp. 


Fluoroscopic Inspection; Technique Developed 
for Brazed Stainless-Steel Honeycomb-Sandwich 
Panels. . R. Bear and W. Diehl. Aircraft 
Prod., Nov., 1959, pp. 370-373. 


Numerically Controlled Inspection. W. B. 
Johnson. Tool Engr., Nov., 1959, pp. 82-84. 
Abridged. Discussion of automatic inspection 
machines used in the production of aircraft struc- 
tures. The process of scribing and machining 
of inspection templates by numerical control is 
also covered. 


Ultrasonic Testing of Welds. D. O. Sproule. 
Brit. Welding J., Oct., 1959, pp. 470-479. Dis- 
cussion of the physical principles and procedures 
for the ultrasonic testing of welds, including such 
aspects as correct choice of frequency and pulse 
length as affected by surface condition, grain size, 
and the required resolving power. 


Tooling 


Automatic Die Sinking—A Progress Report. 
T. W. Black. Tool Engr., Nov., 1959, pp. 112- 
118. Review of numerically controlled die sink- 
ing procedures, covering the following aspects: 
experimental die block, machining of templates, 
top die block, computer routines, maintenance, 
and programing. 


Position-Setting; Development of the Atlantic 
Auxiliary Co-Ordinate Table. Aircraft Prod., 
Dec., 1959, pp. 412-415. 


Reliability 
New Directions in Reliability Engineering. 
K. E. Cochran. Mil. Electronics, June. " 
pp. 13-16. Discussion of the transition from 
empirical valuations to primarily predictive 


techniques employing various methods of evalua- 
tion 


Reliability-Testing the Redstone. H. F. Rees. 
Missile Des. Devel., Nov., 1959, pp. 
27, 64, 66. Description of the test program 
divided into three major areas: component test 
and evaluation, subsystem test, and system test. 


The Distribution of the Dynamic Life. I. 
L. V. Toralballa. Aero/Space Engrg., Jan., 
1960, pp. 57-60. Analysis considering the statis- 
tical distribution of dynamic life for a unit taken 
at random from stock. 
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Research, Research Facilities 


Environmental Test Chambers. Fred Her- 
mann. GSE, Oct.-Nov., 1959, pp. 44-48. Dis- 
cussion of basic instrumentation and control 
theory for regulation of temperatures, humidity, 
and altitude. 


Random-Wave Vibration Testing. J. A. Ross. 
Elec. Mfg., Nov., 1959, pp. 172-175, 204, 205. 
Discussion of the capabilities of vibration testing 
equipment and description of test facilities at 
Hughes Aircraft and North American Aviation 
Missile Division. 

Aeronautical Research Facilities. E.G. Do- 
mich, H. N. Jantscher, and D. N. Olson. U. 
Minn. Inst. Tech. RAL Res. Rep. 152, Sept., 
1958. 113 pp. 12 refs. 

Review of Aeronautical Research in the Fed- 
eral Republic of Germany. . W. Quick. 
Interavia, Nov., 1959, pp. 1413-1417. Discus- 
sion of German institutions engaged in aeronau- 
tical research and a brief description of their 
facilities. 


Rocket Sleds, Tracks 
The Study of Rocket Sled Slipper Wear Prob- 


lems. J. S. Arnold, T. D. Witherly, and C. T. 
Vincent. USAF MDC TR 59-38, Oct., 1959. 50 
Pp. 
Wind Tunnels 

Wall Interference in Transonic Wind Tunnels. 
Duvvuri Tirumalesa. Aero. Soc. India J., 


Aug., 1959, pp. 53-67. Solution of the problem 
of wall interference in transonic wind tunnels in 
the two-dimensional and three-dimensional cases 
by means of the rheoelectric analogy. 


JPL’s New Hypersonic Wind Tunnel. Astro- 
nautics, Dec., 1959, pp. 46, 100. Description of a 
Mach 5-9 continuous flow facility at JPL having 
a2l1 X 21in. test section. 


Hochgeschwindigkeitswindkanal der Aerody- 
namischen Versuchsanstalt Géttingen. Hubert 
Ludwieg and Theo Hottner. ZFW, Oct., 1959, 
pp. 294-299. In German. Description of the 
design and operation of a high-speed wind tunnel, 
including results of measurements on the uni- 
formity of free-jet flow, locally or with respect to 
time, in a subsonic nozzle. 


A Hot-Wire Method for Visualizing Intense 


Stationary Sound Waves. R. M. Fand and J. 
Kaye. USAF WADC TN 59-74 [AD 211776], 
1959. 6 pp. Development of a method for 


visualizing intense stationary sound waves using 
a thin electrically heated wire stretched in the 
direction of sound propagation. The nodes and 
antinodes of the sound waves appear as a series 
of alternate incandescent and dark areas on the 
wire. 

Shock Speed and Running Time Measure- 
ments in the N. P. L. Hypersonic Shock Tunnel. 
B. D. Henshall. Gt. Brit., ARC CP 443, 1959. 
25 pp. 13 refs. BIS, New York, $0.72. Appli- 
cation of resistance thermometers to monitor the 
alae operation of a hypersonic shock tun- 
nel. 

The Design and Construction of an Optical 
Boundary Layer Probe. M. M. Chen. USAF 
WADC TN 58-13 [AD 210751], Dec., 1959. 
54 pp. llrefs. Discussion of the use of a probe- 
type instrument utilizing optical principle simi- 
lar to schlieren apparatus and small enough to be 
inserted in thermal boundary layers. Theoreti- 
cal results show the probe to be feasible, though 
with low precision. 

Calculation of the Recoil of a Shock Tube. 
B. A. Woods. Gt. Brit., RAE TN Aero. 2627, 
June, 1959. 15 pp. Presentation of a method 
for calculating the unsteady pressure force acting 
on the high pressure end of a shock tube after the 
rupture of the diaphragm. 


Rotating Wing Aircraft, Helicopters 


Incovoierea Dinamica a Fuselajelor de Eli- 
copter. Al. Marinescu and E. Silveanu. Stud. 
Cerc. Mec. Aplic., No. 2, 1959, pp. 415-424. 
In Rumanian, with summaries in French and 
Russian. Presentation of a method of analysis 
applicable to the case of dynamic bending of a 
helicopter fuselage, assuming the eccentricity of 
mass distribution over the lifting rotor to be the 
governing factor. 


Growth of the Rotorcycle Concept. J. V. 
Ryan. AHS Newsletter, Nov., 1959, pp. 2-7. 
Discussion of the testing and development pro- 
gram of a single-seat coaxial helicopter. 

Longitudinal Stability and Control of the Single- 
Rotor Helicopter. Appendix I—Calculation of 
Parameters of Helicopter Derivatives. Appendix 
II—Calculation of Constants in Response Equa- 
tions. Appendix III—More Exact Calculation 
of Auto-Rotation Derivatives. A. R. S. Bram- 
well. Gt. Brit., ARC R&M 3104 (Jan., 1957) 
1959. 60 pp. 19 refs. BIS, New York, $3.60. 

Helicopter Behaviour in the Vortex-Ring Con- 
ditions. W. Stewart. Gt. Brit., ARC R&M 
3117 (Nov., 1951) 1959. 10 pp. BIS, New 
York, $0.72. 

The Sikorsky S-60-Aerial “Prime Mover.’’ 
F. J. Delear. AHS Newsletter, Sept., 1959, pp. 
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2-9. Survey of the manifold applications of the 
Sikorsky S-60 crane helicopter. 


Structures 


Hot Airframe Problems Can Be Solved Using 
Currently Available Materials. M. B. Dunn, 
M. D. Musgrove, and O. T. Ritchie. SAE J,, 
Nov., 1959, pp. 62-69. Discussion of built-up 
flat plate structures, cylindrical and conical shells, 
and thermally nonredundant configurations. 


Bars & Rods 


A Method to Solve Straight Bar Problems by 
the Laplace Transformation. Shoroku Koido. 
Hosei U. Tech. Coll. Rep. 4, Aug., 1959, pp. 38-47, 
Presentation of algebraic solutions for straight 
beams under combined lateral and axial loads. 


Torsion of Thin-Walled Rods with Closed 
Cross-Sections Subject to Transient Creep. 
R. A. Aleksandrian, N. Kh. Arutiunian, and 
M. M. Manukian. (Prikl. Mat. i Mekh., Nov.- 
Dec., 1958, pp. 766-780.) PMM—Appl. Math. 
& Mech., No. 6, 1958, pp. 1089-1108. 13 refs, 
Translation. 


Beams & Columns 


Large Deflection of a Circular Cantilever Beam 
with Uniformly Distributed Load. K. Satd. 
Ing.-Arch., No. 3, 1959, pp. 195-200. Analysis 
of the bending of thin circular cantilever beams 
by means of the Bernoulli-Euler equation. The 
solutions are obtained in the form of power series, 
and numerical results are presented. 


Thin-Walled Compression Members. II. A. 
Pfliiger. Hannover Tech. Hochsch. Inst. Statik 
Rep. 2 (AFOSR TR 59-138), July, 1959. 14 pp. 
10 refs. Study of inelastic local buckling, the 
deformations due to local buckling, and the safety 
factor required to prevent a load from exceeding 
the buckling limit. 


Cylinders & Shells 


Thermal Stresses in a Heat-Generating Cyl- 
inder: The Variational Solution of a Boundary 
Layer Problem in Three-Dimensional Elasticity. 
G. Horvay, I. Giaever, and J. A. Mirabal. Ing. 
Arch., No. 3, 1959, pp. 179-194. Presentation 
of a method for determining the stress distribu- 
tion in an elastic cylinder which is free from trac- 
tions on its curved surface and subject to radially 
symmetric shear end tractions as well as normal, 
self-equilibrating end tractions. 


On a Dynamical Similarity Problem for a Coni- 
cal Shell. I. S. Gerasimov. Sov. Phys. - Dokl., 
Oct., 1959, pp. 306-308. Translation. Anal- 
ysis of an elastic shell under the action of a 
moving load (constant axially symmetric pres- 
sure normal to the surface of the cone) which 
propagates at a constant velocity from the apex 
of the cone in the direction of the axis of sym- 
metry. 


An Experimental Investigation of the Buckling 
of a Shell Under Dynamic Load. A. S. Vol’mir 
and V. E. Mineev. Sov. Phys. - Dokl., Oct., 
1959, pp. 454, 465. Translation. Description 
of the apparatus used and presentation of some 
results and conclusions derived experimentally for 
aluminum shells. The ratio of the measured 
pressure to the shell’s upper critical load is given 
as determined from the solution of the static 
problem and the number of waves which are pro- 
duced around the circumference of the shell. 


Zadachi Teorii Tonkikh Uprugikh Obolochek, 
Sostavlennykh iz Uprugikh Izotropnykh Sloev, 
Raspolozhennykh Simmetrichno Otnositel’no 
Sredinnoi Poverkhnosti. Liviu Libresku. Rev. 
Méc. Appl., No. 2, 1959, pp. 335-349. 13 refs 
In Russian. Generalization of previously de- 
rived results for nonhomogeneous, thin elastic 
shells composed of isotropic layers arranged sym- 
metrically in respect to a mean surface. 


Statisticheskii Metod v Teorii Ustoichivosti 
Obolochek. I. 1. Vorovich. Prikl. Mat. i Mekh., 
Sept.-Oct., 1959, pp. 885-892. In Russian 
Presentation of a statistical method in the theory 
of stability. The case of shells subjected to 
loads increasing proportionally to a certain pa- 
rameter A is studied. 


Asupra Determinarii Starii de Eforturi de Mem- 
brana in Placile Curbe Subtiri de Rotatie.’ Mir- 
cea Soare. Stud. Cerc. Mec. Aplic., No. 2, 1959, 
pp. 521-538. In Rumanian, with summaries 0 
French and Russian. Development of an ap 
proach to the calculation of membrane stresses i 
shells of revolution. Theee illustrative examples 
are presented. 


Elasticity & Plasticity 


The Flow of Maiter. Marcu Reiner. S¢ 
Am., Dec., 1959, pp. 122-124, 129, 130-138 (ff) 
Historical survey of the development of various 
models and techniques for studying rheological 
phenomena. 


On the Development of a Theory of Ideal 
Plasticity. D. D. Ivlev. (Prikl. Mat. Mekh. 
Nov.-Dec., 1959, pp. 850-855.) PM M—Ap?p?: 
Math. & Mech., No. 6, 1958, pp. 1221-1230 
11 refs. Translation. Study considering som 
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Observations of Hail Storms by Means of Airborne Radar—L. J. Battan 
A Basis for the Prediction of Severe Local Thunderstorms—D. C. House 


is a> ges of Damaging Hail at High Altitudes—H. S. Appleman and 
. E. Lehr 


Some Aspects of Non-Equilibrium Flows—R. Sedney 
One-Dimensional Flow of a Gas-Particle System—J. R. Kliegel 


Fluctuating Lift and Drag Acting on a Cylinder in a Flow at Supercritical 
Reynolds Numbers—Y. C. Fung 


Some  eperts of Designing A Aluminum Structures for Thermal Environments— 
Cord and A. B. Burns 


Heat Protection by Ablation—R. M. Wood and R. J. Tagliani 
The Introduction of Creep Into Structural Analysis—C. Riparbelli 


Ultrasonic Welding and Improved Structural Efficiency—J. B. Jones and 
H McKaig 


Rapid Crack Growth in Sheet Structure—E. J. Zapel 


Static and Fatigue Strength of Metals Subjected to Triaxial Stresses—W. M. 
Lehrer and H. Schwartzbart 


The Propulsion Aspects of Ground Effect Machines—R. W. Pinnes 
Over-Water Saverts of Ground-Effect Vehicles—R. E. Kuhn, A. W. Carter 


and R. O. Schade 
Potential of the Air-Cushion Vehicle—R. P. Jackson and M. F. Southcote 


Utilization of the Pilot in the Launch and Injection of a Multistage Orbital 
Vehicle—E. C. Holleman, N. A. Armstrong and W. H. Andrews 


The Use of Rotors for the Landing and Re-Entry Braking of Manned Space- 
craft—C. R. Haig, Jr. 


Development of Lateral-Directional Flying Qualities Criteria io Supersonic 
yoda 6 oe on a Stationary Flight Simulator Study—R. M. Crone and 
arra 


Some Observations on Supersonic Stabilization and Deceleration Devices— 
J. F. Connors and J. C. Lovell 


Supersonic Boom of Wing-Body Configurations—I. L. Ryhming and Y. A. Yoler 
Pgaeel Vibrations of a Rectangular Sandwich Panel—C. C. Chang and B. T. 


ang 
Supersonic Panel Flutter of a Cylindrical Shell of Finite Length—M. Holt and 
S. L. Strack 
Comessic for Round Trips to Mars and Venus—G. R 
molak and R. H. Knoll 


Considerations in the Design of Chemical Rocket Powerplants for Space 
Applications—Stanley Lehrer 


A Review of - Distribution of Wind and Temperature in the Lower Strato- 
sphere—H. A. Panofs 


Inviscid Flow With Non- Equilibrium Molecular Dissociation for pure 
peitane Encountered in Hypersonic Flight—M. H. Bloom and M. H 
teiger 


Research and Design Progress Toward High Performance Rotary Wing Air- 
craft—P. L . Michel 


Dynamic Absorbers in the Rotating System of Helicopters—R. R. Lynn 


On the Senna and Economics of Recovering Boosters for Orbital Vehicles—- 
ipps 


Memshine Requirements of a Manned Lunar Mission—D. E. Serrill and H. J. 
McClellan 


*See pp. 33, 97, and 98 for other IAS publications available. 


Order by number from: 


Special Publications Dept., IAS, 2 E. 64th St., New York 21, N.Y. 


Electric Energy Sources and Conversion Techniques for Space Vehicles— 
ilson 


Dynamic Airloads_and Aeroelastic seentome at Entry Mach Numbers— 
G. Zartarian, P. T. Hsu, and H. Ashley 


Some Considerations of the Lanne Stability of Incompressible, Parallel 
Time-Dependent Flows—S. F. S| 


Mercury Capsule and Its Flight Systems—M. A. Faget and R. O. Piland 


Review, Scope, and Recent Results of Project Mercury Research and De- 
velopment Program—A. C. Bond and A. 8. Kehlet 


Review of the Operational Plans for Mercury Orbital Mission—C. W. 
Mathews 


Aerodynamic of STOL/VTOL Configurations—R. J. Vidal, 
A. Sowyrda, an A. Hartunian 


Boundary-Layer Displacement and Leading-Edge yg Effects in High- 
Temperature Hypersonic Flow—H. K Chea. J G. Hall, T. C. Golian, 
and A. Hertzberg 


Pebble Bed Nuclear Reactors for Space Vehicle Propulsion—M. M. Levoy 
and J. J. Newgar 


Satellite Systems for Commercial Communications—J. R. Pierce 


A Generalized Study of Propulsion Systems for VTOL Aircraft—P. W. Pratt, 
C. B. Smith, T. G. Slaiby, and B. B. Silverman 


A Propulsion System for Reconnaissance Aircraft—J. F. Sutton 
The Cost of VIOL—K. B. Gillmore 


Some Observations on the Dynamic Behavior of Extremely Flexible Rotor 
Blades—R. L. Goldman 


The Effect of an External Supersonic Flow on the Vibration Characteristics of 
Thin Cylindrical Shells—H. M 


Heat Transfer, Recovery Factor, and Pressure Distributions a 
Sere in gan to a Supersonic Rarefied-Air Stream—O. K. Tewfik and 
iedt 


Rocket Grenade Measurements of Temperatures and Winds in the Mesosphere 
Over Churchill, Canada—W. G. Stroud, W. Nordberg, W. R. Bandeen, 
F.L. Bartman, and P. Titus 


Present, Potential, and Future Requirements for Rotary Wing All-Weather 
Fligh’ t—D. B. Bennie 


The Performance ef Ablation Materials as Heat Protection for Re-Entering 
Satellites—W. R. Warren and N. S. Diaconis 


Geophysical Research Using Artificial Earth Satellites—J. F. Clark 


Criteria for Control and Response Characteristics of Helicopters and VTOL 
Aircraft in Hovering and Low-Speed Flight—R. J. Tapscott 


The Effects of Vehicle ewe on the Ablation Characteristics of a 
Glassy Material—J. B. Fanucci 


The Ye of Solid Propellant Rocket Motors to Boost Space Vehicles 
—Giulio Panelli 


Thermal Stresses in Missile Nose Cones—A. J. Morgan and C. H. 
Christensen (Member Price, $1.00; Rides Price, $2.00) 


Life Support Systems for Senge Vehicles—R. S. Johnston, A. A. Tamas, W. R. 
a Pas and R. A. Bosee (Member Price, $1.00; Nonmember 
ce, $2. 


Qnd Transport ig J. Lina, D. J. Maglieri, H. H. 
. Pearson, Jr., R. J. Pfeiffer, B.C. Monesmith, R. A. Bailey, 
oa Miller (Member Price, $1.50; Price, 3.00) 
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extremal properties of an ideal plastic flow satis- 
fying Tresca’s plasticity condition. 


On the Assumption of Incompressibility in 
Plane Problems of the Theory of Elasticity. 
jézef Golecki. Arch. Mech. Stosowanej, No. 3, 
1959, pp. 297-301. Presentation of solutions 
for problems in the theory of elasticity for in- 
compressible bodies. Covered are such cases 
as the state of plane deformation, plane and two- 
dimensional stress, and two-dimensional defor- 
mation. 

_ Asupra Problemelor Dinamice ale Lui Bous- 
sinesq gi Hertz. M. Misicu. Stud. Cerc. Mec. 
Aplic., No. 2, 1959, pp. 407-510. In Rumanian, 
with summaries in French and Russian. Study 
of dynamic problems considered by Boussinesq 
and Hertz, and derivation of an expression for the 
displacements and stresses in the case of normal 
forces applied to the upper boundary of an elastic 
semispace and varying with time. 

O Rasprostranenii Voln v_ Beskonechnykh 
Plitakh. M.V. Dubinkin. Prikl. Mat. i Mekh., 
Sept.-Oct., 1959, pp. 984-987. In Russian. 
Study of the effect of ring pressure on an infinite 
plate, taking into account the inertia of rotation 
and shear. Results derived previously on the 
efiect of concentrated forces are used, and the 
propagation of waves in the plate is calculated. 

On the Propagation of Elastic-Plastic Waves 
Owing to Combined Loading. Kh. A. Rakh- 
matulin. (Prikl. Mat. i Mekh., Nov.-Dec., 1958, 
pp. 759-765.) PMM—Appl. Math. & Mech., 
No. 6, 1958, pp. 1079-1088. Translation. 

Nekotorye Zavisimosti Mezhdu Resheniiami 
Ploskoi i Osesimmetrichnoi Zadach Teorii Upru- 
gosti dila Beskonechnoi Plity. A. Ia. Aleksan- 
drov. AN SSSR Dokl., Sept. 1, 1959, pp. 57-60. 
In Russian. Development of a method of solu- 
tion for axisymmetric problems in the theory of 
elasticity for the case of an infinite plate, including 
determination of certain relations between the 
axisymmetric and plane solutions. 

The Dissipation of Energy During Plastic De- 
formation. J. F. Nicholas. Acta Metallurgica, 
Aug., 1959, pp. 544-548. Study considering the 
various mechanisms for the dissipation of the 
mechanical energy of deformation in a cold- 
worked metal as heat. 


Fatigue 


A pongo, Bind the Effect of Mean Stress on 
Fatigue of Metals Under Combined Torsion and 
Axial Load or Bending. W. N. Findley. 
(ASME Annual Meeting, New York, Nov. 30- 
Dec. 5, 1958, Paper 58—A-61.) ASME Trans., 
Ser. B - EI, Nov., 1959, pp. 301-306. 13 refs. 
Study of the influence of maximum stress of the 
cycle of stress on the allowable alternating 
stress for a given number of cycles and on the 
orientation of the critical shear plane. The 
predictions of the theory are consistent with the 
known trends of fatigue data both for ductile 
metals and cast irons. 

O Ravnovesnykh Treshchinakh, Obrazuiu- 
shchikhsia pri Khrupkom Razrushenii; Ustoichi- 
vost’ Izolirovannykh Treshchin; Sviaz’s Energe- 
ticheskimi Teoriiami. G.I. Barenblatt. Prikl. 
Mat. i Mekh., Sept.-Oct., 1959, pp. 893-900. 
In Russian. Study of equilibrium cracks occur- 
ring during brittle fracture, determination of 
stability of isolated cracks, and establishment of a 
relationship with power laws. 


Plates 
_Deformation of Thick Circular Plates. J. P. O. 
Silberstein and Beryl Green. Australia, ARL 


Rep. SM. 265, Apr., 1959. 23 pp. Presentation 
of estimates of the deflection of the reflecting 
surface of a large glass reflector for the case in 
— it was supported by nine spring-loaded 
pads. 

The Effect of Initial Lateral Tension or Slack- 
ness on the Deflection of Long, Thin Plates Under 
Normal Pressure. H. L. Cox and Dawson. 
RAeS J., Nov., 1959, pp. 672-674. 


Plates with Holes 


_ Stress Distribution in a Plate with a Hole Sub- 

jected to an Axial Load and Creep. Joseph 

— USAF WADC TR 57-756, June, 1959. 
pp. 


Testing Methods 


Convair B-58 Supersonic Bomber Undergoing 
Cyclic Fatigue Test. C. D. Little. SAE J., 
Nov., 1959, pp. 60, 61. Presentation of an out- 
line of the fatigue test and analysis program to 
accomplish the following: (a) predict service life 
expectancy of the airframe for planned SAC usage; 
(b) present results in terms of unit damage, so 
that service life expectancies for other aircraft 
uses can be evaluated; and (c) present infor- 
mation to aid orderly maintenance planning and 
spare parts procurement. 

Advantages and Limitations of Models. A. J. 
Sobey. RAeS J., Nov., 1959, pp. 646-656. 28 
refs. Analysis considering the principal features 
of the complex process to be represented under the 
classifications of external air flow, internal heat 
transfer, and elastic response. Of these, the 
second is found to influence most model design, 
and an analysis of a typical structure is included 


to illustrate the various contributions to internal 
heat transfer. 


Thermal Stress 


Thermal Stresses in Design. XIV—Strain- 
Gage Measurements. S. S. Manson. Mach. 
Des., Oct. 29, 1959, pp. 109-116. 18 refs. De- 
scription of strain-gage systems, covering the 
following aspects: measurement requirements 
for the case of thermal stresses, temperature com- 
pensation, chemical and metallurgical factors, and 
lead-wire considerations 


Thermal Stresses in Design. XV-—Strain 
Gage Applications. S.S. Manson. Mach. Des., 
Nov. 12, 1959, pp. 183-190. 20 refs. Discus- 


sion illustrating strain gage applications in design 
problems covering both the direct measurement of 
strain at the specific temperature and the indirect 
deduction of strain in one temperature range 
from measurements in another, more convenient, 
temperature range. 


Thermal Stresses in Design. XVI—Measure- 
ments by Photoelasticity. S.S. Manson. Mach. 
Des., Nov. 26, 1959, pp. 143-151. refs. Dis- 
cussion of the basic concepts and techniques of 
photoelasticity emphasizing the model-prototype 
correlation. 

Thermal Stresses in an Elastic Space with Dis- 
continuous Physical Properties. Jerzy Mos- 
sakowski. Arch. Mech. Stosowanej, No. 2, 1959, 
pp. 243-258. Study of a group of thermal stress 
problems, as represented by problems of stress 
at the joint of two bodies of different thermal 
and elastic properties. An accurate solution for 
two semispaces is given. 

Two One-Dimensional Problems of Thermo- 
elasticity. Witold Nowacki. Arch. Mech. Stoso- 
wanej, No. 3, 1959, pp. 333-346. ll refs. Der- 
ivation of a solution for two dynamic problems 
on the propagation of thermal stresses generated 
by a plane heat source located in the plane x = & 
of an elastic semispace 


Non-Steady-State of Thermal Stresses in a 
Layered Elastic Space with a Spherical Cavity. 
Wlodzimierz Derski. Arch. Mech. Stosowanej, 
No. 3, 1959, pp. 303-316. 

Some Dynamic Problems of Thermoelasticity. 
Witold Nowacki. Arch. Mech. Stosowanej, 
No. 2, 1959, pp. 259-283. 11 refs. Study of 
certain dynamic problems of thermoelasticity. 
The two types considered are (a) determination 
of stresses due to the effect of concentrated, linear 
and plane heat source in an elastic space and semi- 
space, assuming coupled deformation and tem- 
perature fields; and (b) determination of the 
state of stress in the elastic space and semispace 
produced by the effect of forces varying periodi- 
cally in time and applied to the surface R = a 
bounding the cavity. 

The State of Stress in a Circular Disc Due to the 
Action of a Nucleus of Thermoelastic Strain. 
Wladystaw Piechocki. Arch. Mech. Stosowanej, 
No. 3, 1959, pp. 287-295. 

Versagenszeit beim Kriechen. F. Rimrott. 
Ing.-Arch., No. 3, 1959, pp. 169-178. In Ger- 
man. Establishment of a relation, in terms of a 
creep function, between the internal pressure in a 
hollow sphere and the comparable von Mises 
creep velocity, using the Ludwik equations for 
stress and strain. 


Wings 

The Influence of Aerodynamic Heating on the 
Flexural Rigidity of a Thin Wing. Appendix I— 
Temperatures Due to Aerodynamic Heating. 
Appendix II—End Effects in a Wing of Finite 
Aspect Ratio. Appendix IlI—Analysis for a 
Built-Up Wing. Appendix 1V—Large-Defiection 
Solution for a Solid Strip of Constant Thickness. 
Appendix V—Total Moment Acting on Cross-Sec- 
tion of Strip. E.H. Mansfield. Gt. Brit.. ARC 
R&M 3115 (Sept., 1957) 1959. 27 pp. 11 refs. 
BIS, New York, $1.71. 

A Note on Timoshenko Beam Theory. F. J. 
Marshall and H. F. Ludloff. J. Math. & Phys., 
Oct., 1959, pp. 175-180. ONR-supported ap- 
plication of Timoshenko’s beam theory to the 
problem of a blast front impinging at a small 
angle of incidence upon the wing of an aircraft. 


Thermodynamics 


Thermodynamic Properties of Helium at Low 
Temperatures and High Pressures. D. B. 
Mann and R. B. Stewart. (ASME-AIChE 
Heat Transfer Conf., Storrs, Aug. 9-12, 1959, 
Paper 59-HT-19.) ASME Trans., Ser. C - HT, 
Nov., 1959, pp. 323-326. 12 refs. 

A Simple Method of emating the Degree of 
Ionization and Thermodynamic Functions of a 
Multiply Ionized Ideal Gas. Yu. P. Raizer 
(Zhurnal Teoret. i Exper. Fiz., May, 1959, pp. 
1583-1585.) Sov. Phys. - JETP, Nov., 1959, 
pp. 1124-1126. Translation. 


Combustion 


Temple Studies High Temperature Flames. 
W.L. Doyle. Missiles & Rockets, Dec. 14, 1959, 
Discussion of research made to 
determine the nature and the effects of combustion 
processes for application of data to high-tempera- 
ture materials. 
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Heat Transfer 


Osnovnye Zadachi Termodinamiki Potoka s 
Uchetom Real’nykh Granichnykh Uslovii. S. V. 
Romanenko and P. M. Tamrazov. MVO SSSR 
VUZ Izv. Energ., Jan., 1959. pp. 23-32. In Rus- 
sian. Study of the basic thermodynamic prob- 
lems of flow, taking into account real boundary 
conditions. Two cases are considered: (a) flow 
with heat losses or heat addition to a subsonic or 
sonic flow at the mouth of a nozzle, and (b) sub- 
sonic flow with friction. 


Heat Exchange in Laminar Flow Through Non- 
circular Tubes. . Temkin. Sov. Phys.- 
Tech. Phys., Apr., 1959, pp. 383-400. 18 refs, 
Translation. Analysis of the effect of shape 
criteria of the tube cross section on the heat ex- 
change in laminar flow, and determination of the 
dependence of the Nusselt Number on three non- 
dimensional ratios. 

Nonlinear Heat Transfer Problem. 
Chambré. J. Appl. Phys., Nov., 1959, pp. 1683- 
1688. ONR-supported study of the time- 
dependent heat conduction in a semi-infinite 
medium subject to a nonlinear temperature 
boundary condition. A formulation for the 
surface temperature leads to a nonlinear Volterra 
integral equation. A simple iterative solution 
is presented. As an example, the problem of the 
time-dependent surface temperature of a body 
receiving heat according to the Stefan-Boltzmann 
law is treated. 

Heat Transfer in Slip Flow at Low Reynolds 
Number. H.C. Levey. J. Fluid Mech., Oct., 
1959, pp. 385-391. Investigation of forced 
convection from a hot wire in a low Mach Num- 
ber rarefied gas stream. A simple expression is 
found for the Nusselt Number, which has reason- 
able validity over a wide range of Knudsen Num. 
bers, even into the free-molecule flow regime 


Mathematical Analysis of Heat-Transfer from 
a Vertical Flat Surface by Laminar Free Convec- 
tion. Tetsu Fujii. JSME Bul., Aug., 1959, 
pp. 365-369. 

Laminar Condensation Heat Transfer on a 
Horizontal Cylinder. E. M. Sparrow and J. L. 
Gregg. (ASME Semi-Annual Meeting, St. Louis, 
June 14-18, 1959, Paper 59-SA-13.) ASME 
Trans., Ser. C - HT, Nov., 1959, pp. 291-296 
Analysis including inertia forces and energy con- 
vection terms, which are neglected in Nusselt’s 
simple theory. A_ similarity transformation 
which is valid over most of the cylinder and re- 
duces the partial differential equations to ordi- 
nary differential equation is found. 

Two-Dimensional Convection from Heated 
Wires at Low Reynolds Numbers. D. C. Collis 
and M. J. Williams. J. Fluid Mech., Oct., 1959, 
pp. 357-384. 19 refs. Investigation showing 
that free convection effects diminish rapidly with 
increasing Reynolds Number so that the orienta- 
tion of the wire with respect to the vertical has a 
negligible influence on heat transfer, except at 
very low velocities. 


A Method of Computing the Transient Temper- 
ature of Thick Walls from Arbitrary Variation of 
Adiabatic-Wall Temperature and Heat-Transfer 
Coefficient. Appendix A—Review of Super- 
position and Time Series. Appendix B—Sum- 
mary of Analytical Temperature Formulas for 
Thick Walls. Appendix C—Analytical Tempera- 
ture Distribution. P. R. Hill. U.S., NACA 
Rep. 1372, 1958. 21 pp. Supt. of Doc., Wash., 

0.25. 

Heating and Cooling Air and Carbon Dioxide 
in the Thermal Entrance Region of a Circular Duct 
with Large Gas to Wall Temperature Differences. 
Helmut Wolf. (ASME Semi-Annual Meeting, 
St. Louis, June 14-18, 1959, Paper 59-SA-15.) 
ASME Trauns., Ser. C - HT, Nov., 1959, pp. 267- 
277; Discussion, pp. 277-279. 24 refs. 


VTOL & STOL 


The Discus Body and its Application to V/ 
STOL Aircraft and Space Vehicles. Martin 
Gerloff. Aero/Space Engrg., Jan., 1960, pp. 
51-56, 60. Analysis of a vehicle whose aerody- 
namic characteristics, such as surface/volume 
ratio and interference cleanness, can provide 
improved flight performance in the dense region, 
rarefied region, and in empty space. 


The Vanguard VTOL Aircraft Concept. J. J 
Schneider. AHS Newsletter, Oct., 1959, pp. 2-9. 
Description of the basic features of the Vanguard 
fan-in-wing type omniplane. Its operating 
principles and propulsion system are detailed. 

The Tilt-Wing Propelloplane. J. B. Nichols. 
(ASME Semi-Annual Meeting, St. Louis, June 
14-18, 1959, Paper 59-SA-35.) Mech. Eng., 
Dec., 1959, pp. 52-56. Survey of the design 
—— and performance aspects of the Hiller 


Water-Based Aircraft 


Investigation of a High-Speed Hydrofoil with 
Parabolic Thickness Distribution. V. E. John- 
son, Jr., and T. A. Rasnick. U.S., NASA TN 
D-119, Nov., 1959. 27 pp. 


A Hydrodynamic Investigation of the Effect of 
Adding Upper-Surface Camber to a Submerged 
Flat Plate. V. L. Vaughan, Jr. U.S., NASA 
TN D-166, Nov., 1959. 22 pp. 


he 
| 
4 
er 


owing 
with 
ienta- 
has a 
pt at 


mper- 
ion of 
ansfer 
Super- 

Sum- 
as for 
npera- 
VACA 
Wash., 


ioxide 
r Duct 
ences. 
eeting, 
15.) 

267- 


to V/ 
Martin 


provide 
region, 


J. J. 
yp. 2-9. 
nguard 
erating 
ailed. 
Nichols. 
s, June 
. Eng. 

design 
> Hiller 


Effect of 
»merged 
NASA 


SPECIAL IAS PUBLICATIONS 


Member 


Price 


Aeronautical Engineering Index = 1957 and 1956 


1955, 1954, 1953, 1952, 1951, 1950, 1949, 1948, 1947 (each).. 3:00 
National Specialists Meeting on Dynamics and Aeroelasticity Proceedings - 1958................. 3.50 
Weapons System Management-National Midwestern Meeting Proceedings - 1957................. 1.50 
National Naval Aviation Meeting Proceedings - 1957 3.00 
Second and Third Turbine-Powered Air Transportation Meeting Proceedings (each)................. 3.50 
1959 National Telemetering Conference Report 3.00 
1955 and 1954 National Telemetering Conference Report (each)........ cc 2.00 
Fifth International Aeronautical Conference Proceedings...............cccccccccccceeccecceeecs 15.00 
Second International Aeronautical Conference 5.00 
First and Second Convertible Aircraft Congress Proceedings (each)................ 3.00 
Index to Books on Selected Technical Subjects in the IAS Library (up to 1950), unbound.......... 2.00 


*Add $1.00 for orders outside the U.S.A. 


$15.00" 
5.00* 


6.00” 
2.50* 
5.00* 
6.00* 
4.50* 
4.00* 
2.00* 
20.00* 
5.00* 
5.00° 
2.00° 


These may be obtained by writing to: Special Publications Dept., IAS, 2 E. 64th St., N.Y. 21, N.Y. 


Sherman M. Fairchild Publication Fund Papers (Order by number from IAS) 


No. Member Nonmem. No. 
FF-25 Life Support Systems for Space Vehicles FF-7 N 7 
‘Mercury Life Support Systems—R. - atural Flight and Related Aeronau- 
Johnston; tics—James L. G. Fitz Patrick. 
of Closed Atmospheric Systems—A. FF-4 Finite Deflections of Curved Sandwich 
Tamas; Regenerative Atmosphere Plates and Sandwich Cylinders— 
Systems for Space Flight—W. R. F. K. Teichmann and Chi-Teh Wang. 


Turner; Development and Evaluation i 
of Ble, FF-3 The Penetration of a Fluid Surface by 4 


tems—E. L. Hayes and A. Bose) $1.00 $2.00 
FF-24 in Missile Nose Cones 


286 Linearized Treatment of Supersonic 
a Morgan and Carlos H. Fi rough Axi-Symmetric Ducts 
Christensen 1,00 2.00 with. Prescribed Wall Ca 

FF-23 A Matrix Approach to Flutter Anal- Charles E. Mack, Jr., and Ignace I. 
ysis—William P. Rodden 0.75 1.50 Kolodner. 

FF-22 Methods of Boundary- aver Control 229 Wave Profile of a Vee-Planing Sur- 
for Postponing and All face, Including Test Data on a 30° 
feting and Other Effects of Dead-Rise Surface—Experimental 
Induced Separation—H. H. jo Towing Tank, Stevens Inst. of Tech. 
and C. M. Stuart. 1.50 3.00 170 Wave Contours in the Wake of a 10° 

FF-20 Supersonic Transports Proceedings Deadrise_ Planing Surface—E > 
(Papers and Discussions presented Towing Tank, Stevens Inst. of Te: 
at IAS 27th Annual Mtg. Session). 1.00 2.00 169 The Discontinuous Fluid Flow Past an 

FF-19 Contention Aeronautical Sci- Immersed Wedge—Experimental 
ence—H. W. Emmons, 1958 Minta Towing Tank, Stevens Inst. of Tech. 
Martin Lecture. 0.75 1.25 168 Wave Contours in the Wake of a 20° 

FF-18 On the Main Spray Generated by Deadrise_ Planing Surface—Exp. 
Planing Surfaces—Daniel Savitsky Towing Tank, Stevens Inst. Tech. 
and John P. Breslin. 0.75 1.25 167 On the Pressure Disteioation for a 

FF-17 Atomic Reactors (a Symposium). 1.25 1.75 Wedge eens Fluid Surface 

FF-16 Inertial Guidance—W. Wrigley, R. B. Tech. 
Woodbury, and J. Hovorka. 0.75 1.25 

FF-14 Engineering M xterna ow evels of Aircra 

e Floating Integrating ro and Its M Aubient Air 
Application to Geometrical Stabi- 106 easurement of /\mbient /\ir tem. 
hasten Probl lems on Moving Bases in Flight—W. Laven 
om, W. Wrigley, and 1.00 1.50 lowland. 
L. R. Grohe. 104 Tensor Analysis of toa ag + Structural 

FF-12 Transonic Testing Techniques (a Sym- Vibration—Cherles E. Mack, Jr. 
posium). 1.85 2.50 102 Strain Gages Ap- 

FF-10 Improved Solutions of the Fa Ikner Wind-Tunnel Balances— 
—A. M. O. Smith. 0.75 1.25 101 Introduction to Shock Wave Theory— 

FF-9 A Hydrodynamic Study of the Chines- J. G. Coffin. 

janin perimental 100 Pitching Moments of 
Towing Ta « § Stevens Inst. of Tech. 1.20 1.60 Bladed Rotor—R. W. Allle 
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Available Again! 


Fairchild Fund Paper No. FF-13 has been reprinted and is again available through 
the IAS Special Publications Department. See box above for details. 
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IAS PAPERS 


7th Anglo-American Aeronautical Conference, New York, October 5-7, 1959* 


JAS MEMBER PRICE—$0.50 


NONMEMBER PRICE—$1.00 


59-127 Instrumentation for Space Science Research—John W. Townsend, Jr. 59-137 Fagsnodiynenicn and Heat Flow Analysis by Lagrangian Methods—M., A, 
iot 
59-128 Aircraft Fatigue—A Survey of Current Thought—R. J. Atkinson 
59-138 The Behavior of Supersonic Boundary Layers in the Presence of Shock 
59-129 Study of ad Compal Tyne Waves—G. E. Gadd and D. W. Holder 
i ilot ight Si tors—b. Y. , U.K 
Heinle, and RC. 59-139 Hypersonic Separated Flows—S. M. Bogdonoff and |. E. Vas 
59-130 Engines for VTOL Aircraft—H. Pearson 59-140 The be icel Development of the DHC-4 Caribou Utility STOL Aircraft— 
. Hiscocks 
59-131 The Work of the Blind Lending Experimental Unit—W. J. Charnley 59-141 Recent Studies of Satellite Orbits—E. C. Cornford, D. G. King-Hele, and 
59-132 Design Philosophy for High Acceleration and Temperature—B. O. Heath R. H. Merson 
59-142 The Future of Automatic Control of Fixed Wing Aircraft—G. A. Whitfield 
Carl F. Schueller 59-143 Re-Entry Studies in Free Flight Ranges—G. V. Bull 
59-134 Flying Qualities Associated with Several Types of Command Flight 59-144 Some Considerations of Shape and Control for Hypersonic Vehicles— t 
Control Systems—S. A. Sjoberg H. Metcalfe 1 
59-135 Unresolved Civil Airworthiness Problems—Water Tye 59-145 Blind Take-Off and Landing Considerations for Present and Future Air. 
craft—N. C. Harnois and G. H. Stocker 
t tu i i tr: ti 
National Summer Meeting, Los Angeles, June 16-19, 1959* 
IAS MEMBER PRICE—$0.50 NONMEMBER PRICE—$1.00 
59-85 The Analysis of Redundant Structures by the Use of High-Speed Disital 59-106 Correlation Between the Sound Power Spectrum of a Free Jet and Its Aero. 
Computers—Walter J. Crichlow and Gernot W. Haggenmacher dynamic Characteristics—R. Lee and J. Wenzelberger : 
59-86 Aircraft Load and Temperature Design Criteria Through Simulation and 59-107 Wind Tunnel Tests of Shrouded Propellers and Their Application—Rober © 
oo Processes—J. E. Martin, M. L. Richards, W. W. Kitts, and W. W. K, Wattson, Jr., and Vernon O. Hoehne : 
oy 
59-87 Stability of Flat, Simply Supported, Corrugated Core Sandwich Plates Under A pes of Integral Propellant Tanks~ 
59-110 The Strain Analysis of Solid Propellant Rocket Grains—M. L. Williams 
59-88 Analysis of Low-Aspect-Ratio Aircraft Structures—Charles H. Samson, Jr., 59-113 ie Altitude Hypervelocity Flow over Swept Blunt Glider Wings—M 
and Heinrich W. Bergmann . Creager 
59-89 The Structural Design of Maximum-Area Astronautical Vehicles—George 59-116 Design of Efficient, Self-Trimming Wing Mean Surfaces for Conventions 
. Hoffman Supersonic Ajircraft—L. J. Kulakowski, R. T. Stancil, T. Dansby, ani 
J.D. Stewart 
59-96 The Central Problem of Large-Scale Power Generation in Space—W/aste 
Heat Disposal—P. M. Diamond 59-117 Theoretical and Experimental Investigation of Second-Order Supersonic 
Wing-Body Interference—M. Landa, G. Drougge, and B. Beane 
59-98 _Piloted Entries Into the Earth’s Atmosphere—John M. Eggleston and Donald 
- Cheatham 59-120 Soviet Education in Aeronautics—Leon Trilling 
59-99 — Electrical Primary Flight Control Systems—F. Gene Keyt 59-124 Synthesis and Flight Test of a Ballistic Missile-Adaptive Flight Contr 
stem rdway B. Gates, Jr., and Orrin C. Kaste 
59-100 An Adaptive System for Control of the Dynamic Performance of Aircraft 
and Spacecraft—H. Philip Whitaker 59-126 ee Seewet Cones for Aero-Medical Research and Space Crew | 
59-102 RADFAC—A Radiating Facility for Flight Line Testing of Airborne Elec- taal el 
tronic Equipment—Byron Wanty FF-22 Methods of Boundary-Layer Control for Postponing and Alleviating Buffe: 
ing and Other Effects of Shock-Induced Separation—H. H. Pearcey at 
59-105 The Recombination Problem in a Jet Exhaust Nozzle—William G. Browne C. M. Stuart (Member Price, $1.50; Nonmember Price, $3.00) 


* See pp. 33, 95, 97 for other IAS publications available. 


Order by number from: Special Publications Dept., IAS, 2 E. 64th St., New York 21, N.Y. 
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AERODYNAMICS 


Foundations of Aerodynamics. A. M. Kuethe 
and J. D. Schetzer. 2nd Ed. New York, John 
Wiley & Sons, Inc., 1959. 446 pp., illus., diagrs., 
tables, folding chart. $11.75. 

Since the base of aerodynamic foundations has 
broadened considerably in the 9 years since the 
original publication of this text, the present edi- 
tion has been extensively revised to include some 
of the important topics on which recent tech- 
nological advances are based. The chapter on 
energy relations has been rewritten, and the treat- 
ment of one-dimensional compressible flows has 
been expanded to include sections on heat addi- 
tion. The material on wings in compressible 
flow is now presented from the point of view of 
lifting surface theory. A major revision of the 
material on viscous fluids greatly expands the 
discussion of compressibility in both laminar and 
turbulent flow. The coverage of isotropic tur- 
bulence has been reduced to that considered ade- 
quate for an understanding of the concept of 
turbulent shearing stress and its role in establish- 
ing turbulent shear flow. Real gas effects at high 
altitudes and temperatures are introduced in an 
appendix. 

In addition to these major changes, new prob- 
lems and graphical material have been added, and 
all charts and tables have been grouped together 
in the back of the book for convenience in problem 
solving. Finally, the material on aerodynamic 
characteristics of wings, which formerly appeared 
in Chapter 18, and additional comparisons be- 
tween theory and experiment have been included 
in an appendix. 

The authors are, respectively, Felix Pawlawski 
Professor of Aerodynamics and Professor of 
Aeronautical Engineering, University of Michi- 
gan. 


Turbulent Flows and Heat Transfer. C. C. 
Lin, Editor. (High Speed Aerodynamics and 
Jet Propulsion, Vol. 5.) Princeton, N.J., 
Princeton University Press, 1959. 549 pp., illus., 
diagrs., tables. $15. 

Contents: Transition from Laminar to Turbu- 
lent Flow, H. L. Dryden. Turbulent Flow, G. B. 
Schubauer and C.M.Tchen. Statistical Theories 
of Turbulence, C. C. Lin. Conduction of Heat, 
M. Yachter and E. Mayer. Convective Heat 
Transfer and Friction in Flow of Liquids, R. G. 
Deissler and R. H. Sabersky. Convective Heat 
Transfer in Gases, E. R. van Driest. Cooling by 
Protective Fluid Films, S. W. Yuan. Physical 
Basis of Thermal Radiation, S. S. Penner. En- 
gineering Calculations of Radiant Heat Ex- 
change, H. C. Hottel. 


Basic Data of Plasma Physics. Sanborn C. 
Brown. Cambridge, Mass., The Technology 
Press of The Massachusetts Institute of Tech- 
nology; New York, John Wiley & Sons, Inc., 
1959. 336 pp., diagrs.,tables. $6.50. 

The present volume is a combination of Pro- 
fessor Brown’s class notes and of data included in 
an M.I.T. technical report on basic data of elec- 
trical discharges (Research Laboratory of Elec- 
tronics Report No. 283), and was prepared spe- 
cifically for an M.I.T. course in plasma dynamics 
given during the summer of 1959. The whole 
emphasis of the book is on the fundamental 
processes, with the necessary data and background 
information given in the form of graphs and 
tables. Devices are discussed only as illustrations 
of the fundamental physics of the motion of 
charged particles. 


AERONAUTICS, GENERAL 


Proceedings of Sixth Technical Conference of 
Rosemount Aeronautical Laboratories, October 
1959. (Research Report No. 165.) Minne- 
apolis, University of Minnesota, 1959. 461 pp., 
illus., diagrs., tables. 

ontents: (1) Hypersonic Flow Regimes at the 
Re-Entry of Satellite Vehicles, R. Hermann. 
(2) Solar Radiations in Space, J. M. Lagerwerff. 
(3) Fuel Energy Management, E. G. Domich. 
(4) Theory of Ground Interference on Rocket 
Sleds, R. Hermann, W. L. Melnik, and J. Yala- 
manchili. (5) Experimental Investigation of the 
Aerodynamics of Supersonic Sleds, R. Hermann 
= F. A. Moynihan. (6) Analysis and Wind 
unnel Investigation of Some Ram Tunnel 
Operation Problems, R. Hermann, K. O. Thomp- 
= and L. T. Banner. (7) Experimental Evalu- 
ation of Supersonic Wind Tunnel Performance 
with Solid and Porous Wall Test Sections Utilizing 
an Adjustable Supersonic Diffuser, R. V. DeLeo 


and J. Huerta. (8) Aerodynamic Characteristics 
of Bodies Immersed in Wake Flow, J. G. Ballinger 
and Jj. W. Parks. (9) An Experimental In- 
vestigation of the Use of Supersonic Driving Jets 
for Ejector Pumps, R. V. DeLeo, R. E. Rose, and 
R. S. Dart. (10) Performance Characteristics of 
a De-Iced Boundary Layer Control Total Tem- 
perature Probe, L. D. Huppert. (11) Studies 
Toward an Improved Radioactive Ionization 
Gage for Measurement of Extreme Altitude and 
Velocities, J. G. Ballinger and R. C. Horn. (12) 
Effects of Some Dimensional Variables on the 
Calibration Characteristics of Static Pressure 
Sources and Angle of Attack Sensors; Part I, 
Static Pressure Sources, M. J. Teigen; (13) Part 
II, Angle of Attack Sensors, M. J. Teigen. (14) 
Evaporative Film Cooling of a Hemisphere- 
Cylinder Model at M = 7 with Air Stagnation 
Temperatures up to 3000°R, R. Hermann, W. L. 
Melnik, and J. O. A. Stankevics. (15) Resumé 
of Present State-of-the-Art in the Measurement 
of Pressure in Modern High Speed Wind Tunnels, 
L. D. Huppert. (16) Experimental Investigation 
of Laminar Heat Transfer with Nonuniform 
Surface Temperatures at M = 4.3, D. G. De 
Coursin, R. E. Larson, and N. C. Helm. (17) 
Evaporative Film Cooling of a Mach Nunber 7 
Laval Nozzle with Air Stagnation Temperatures 
up to 3000°R, R. Hermann, W. L. Melnik, and 
J. O. A. Stankevics. (18) Laminar, Transitional, 
and Turbulent Mass Transfer Cooling Experi- 
ments at Mach Numbers from 3 to 5, C. J. Scott, 
G. E. Anderson, and D. R. Elgin. (19) Integral 
Laminar Boundary Layer Solutions Using the 
Crocco Variables, C. J. Scott. (20) Experi- 
mental Investigations of Turbulent-Heat Transfer 
on the Base of a Two-Dimensional Body at M = 
3, R. E. Larson and L. H. Zacho. (12) Mass 
Transfer Cooling Experiments on a Hemisphere 
at M = 5,G. E. Anderson, C. J. Scott, and D. R. 
Elgin. (22) Current Research in Hypersonic 
Gasdynamics at the Rosemount Aeronautical 
Laboratories, R. Hermann, W. L. Melnik, and 
J. O. A. Stankevics. (23) An Experimental 
Investigation for Evaluation of Droplet Size 
Distribution of Liquids when Sprayed from an 
Aircraft Store Model Submerged in a Free Jet Air 
Stream, R. V. DeLeo and R. E. Rose. (24) 
Pressure Recovery of a Shroud Diffuser on a 
Conical Inlet Model in a Free Jet Supersonic Wind 
Tunnel, R. Hermann, K. O. Thompson, and W. L. 
Melnik. (25) Bluff-Body Flame Stabilization at 
Low Pressures, C. C. Chang, G. Engholm, and 
L.H.Zacho. (26) The Hypersonic Facility of the 
Rosemount Aeronautical Laboratories: Design 
Considerations, Calibration *and Performance 
Capability for Hypersonic Flight Studies, R. 
Hermann and J. O. A. Stankevics. (27) After- 
body Drag Reduction by Application of the Area 
Rule Accounting for Jet Exhaust, J. G. Ballinger 
and R. C. Horn. 


COMPUTERS 


Handbook of Automation, Computation, and 
Control; Vol. 2, Computers and Data Processing. 
Edited by Eugene M. Grabbe, Simon Ramo, and 
Dean E. Wooldridge. New York, John Wiley & 
1959. 1041 pp., illus., diagrs., tables. 


Contents: (1) Computer Terminology and Sym- 
bols. (2) Programming and Coding. (3) Data 
Processing Operations. (4) Quantitative Char- 
acteristics of Data Processing Systems. (5) 
Equipment Description. (6) Facility Require- 
ments. (7) Design of Business Systems. (8) 
Accounting Applications. (9) Inventory and 
Scheduling Applications. (10) Scientific and 
Engineering Applications. (11) Handling of 
Non-Numerical Information. (12) Digital Com- 
puter Fundamentals. (13) Techniques for Re- 
liability. (14) Components and Basic Circuits. 
(15) Magnetic Core Circuits, I. L. Auerbach. 
(16) Transistor Circuits. (17) Logical Design. 
(18) Arithmetic and Control Elements. (19) 
Storage. (20) Input-Output Equipment for 
Digital Computers. (21) Analog Computation in 
Engineering. (22) Linear Electronic Computer 
Elements. (23) Nonlinear Electronic Computer 
Elements. (24) Analogs and Duals of Physical 
Systems. (25) Solution of Field Problems. (26) 
Noise and Statistical Techniques. (27) Me- 
chanical Computer Elements. (28) 
Techniques in Analog Computation. (29) Oper- 
ational Digital Techniques. (30) Combined 
Analog- Digital Computing Systems. (31) Simple 
Turing Type Computers. Index. 
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DOCUMENTATION 


SLA Loan Collection of Classification Schemes 
and Subject Heading Lists on Deposit at Western 
Reserve University as of November 1, 1958. 
Compiled by Bertha R. Barden and Barbara 
Denison. 4th Ed. New York, Special Libraries 
Assn., 1959. 51 pp. $2.50. 


EDUCATION AND TRAINING 


Engineering Education in Russia. Stephen 
P. Timoshenko. New York, McGraw-Hill 
ork Co., Inc., 1959. 47 pp., illus., tables. 


ELECTRONICS 


Advances in Electronics and Electron Physics, 
Vol. 11. L. Marton, Editor. New York, 
Academic Press, Inc., 1959. 523 pp., illus., 
diagrs., tables. $15. 

Contents: Recent Advances in Photoemission, 
P. Gérlich. Parity Nonconservation in Weak 
Interactions, R. M. Sternheimer. Quantum 
Efficiency of Detectors for Visible and Infrared 
Radiation, R. C. Jones. Automatic Data Proc- 
essing in the Physical Sciences, G. E. Barlow, 
J. A. Ovenstone, and F. F. Thonemann. Opera- 
tional Amplifiers, R. L. Konigsberg. Radio 
Telemetering, H. B. Riblet. Electron Diffraction 
Structure Analysis and the Investigation of Semi- 
conducting Materials, Z. G. Pinster. Secondary 
Electron Emission from Solids, O. Hachenberg 
and W. Brauer. 


INSTRUMENTS 


The Gyroscope; Theory and Applications. 
James B. Scarborough. New York, Interscience 
Publishers, Inc., 1958. 257 pp., illus., diagrs., 
tables. $6.50. 

The aim of this book is to give a systematic and 
reasonably complete treatment of the mathe- 
matical and mechanical aspects of the gyroscope 
and its more important applications. Since it is 
concerned with fundamental principles, con- 
structional details are not entered into except in- 
sofar as they may aid in clarifying these princi- 
ples. Because the construction, mounting, and 
casing of modern gyroscopes sharply reduce 
friction of all kinds, this factor has been left out of 
consideration in the motion of the gyroscope it- 
self. Vector methods are employed throughout 
the book, and a chapter on vector analysis is in- 
cluded for those readers having no prior knowl- 
edge of this branch of mathematics. 

The author is Professor Emeritus of Mathe- 
matics, United States Naval Academy. 


MATERIALS 


Materials in Space Environment; Proceedings 
of the Fifth Sagamore Ordnance Materials Re- 
search Conference, Conducted at Sagamore Con- 
ference Center, Racquette Lake, N.Y., September 
16-19, 1958. Co-Sponsored by Army Ballistic 
Missile Agency and Office of Ordnance Re- 
search, U.S. Army. Arranged by Syracuse 
University Research Institute. (MET 597-596.) 
Washington, Office of Technical Services, Dept. 
of Commerce, 1959. 366 pp., illus., diagrs., 
tables. $4.00. (PB-151900.) 

Contents: Space Environment and Vehicle Re- 
quirements: Chemistry of the Moon, H. C. Urey. 
Overall Objectives and Outline of Problems, W. 

Steurer. Design Requirements of Space 
Vehicles, J. B. Cladis. 

Physics of Space Vacuum and Effects on Mate- 
rials: Physics of Space Vacuum and Effects on 
Materials, R. Herzog. The Effect of Atmosphere 
on Creep and Fatigue at Elevated Temperatures, 
M. R. Achter. High Vacuum Technique and 
Expected Effects on Materials, G. F. Vander- 
schmidt. 

Thermal Problems Under Orbiting Conditions: 
Thermal Problems of Satellites, G. H. Heller. 
Surface Emissivity of Materials at Relatively Low 
Temperatures, R. McDonough. Structural and 
Mechanical Effects of Repeated Cooling, E. T. 
Wessel. 

Radiation and Radiation Effects in Outer Space: 
Nature of High Energy Radiation Encountered 
in Space, P. Meyer. Radiation Effects on 
Metals, E. Schmid. Radiation Effects on Non- 
Metals, H. R. Dvorak. ? 

Meteorites and Cosmic Dustin Space: Meteoric 
Influx, F. L. Whipple and G. S. Hawkins. Mete- 
orites and Cosmic Dust in Space, C. Tombaugh. 
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High Velocity Impact, W. S. Partridge. Effects 
of Meteorites on Materials and Simulation 
Testing. Implications of Space Environment for 
Material Development (Panel Discussion). Evo- 
lution of Space Travel, S. B. Batdorf. 


Transactions of the Society of Rheology, Vol. 2, 
1958. R. D. Andrews, Editor. New York. 
Interscience Publishers, Inc., 1959. 314 pp., 
illus., diagrs., tables. $8.00. 

Contents: Presentation of the Bingham Medal 
to Clarence M. Zener, A. S. Nowick. Rheology 
of Peeling in a Newtonian Liquid, J. J. Bikerman 
and W. Yap. Dynamic Mechanical Properties of 
Fluorochemical Elastomers, K. E. Owens and C. 
A. Dahlquist. A Torsion Pendulum for Dynamic 
and Creep Measurements of Soft Viscoelastic 
Materials, D. J. Plazek, and M. N. Vrancken, and 
J. W. Berge. The Dynamic Mechanical Proper- 
ties of a Model Filled System: Polyisobutylene- 
Glass Beads, Landel. A Photographic 
Study of Liquid Flow in a Roll Nip, J. C. Miller 
and R. Myers. On Relaxation Spectra in 
High Polymers, B. Albrecht and A. M. Freuden- 
thal. Approximate Equations for Interconvert- 
ing the Various Mechanical Properties of Linear 
Viscoelastic Materials, T. L. Smith. The Princi- 
ples of Plastico-Dynamics, C. Torre. The Creep 
of Snow under Combined Stress, J. K. Landauer. 
Time Dependence of Mechanical Breakdown in 
Bundles of Fibers; 3: The Power Law Break- 
down Rule, B. D. Coleman. The Tensile 
Strength of GR-S Elastomers, L. M. Epstein and 

P. Smith. Flow Behavior of Concentrated 
(Dilatant) Suspensions, A. B. Metzner and M. 
Whitlock. Flow of an Incompressible Visco- 
Plastic Layer on an Inclined Plane, P. R. Paslay 
and A. Slibar. The Capillary Experiment in 
Rheology, W. Philippoff and F. H. Gaskins. 
The Rheology of Various Solutions of Cellulose 
Derivatives, J. G. Brodnyan, F. H. Gaskins, W. 
Philippoff, and E. G. Lendrat. Abstracts of 
Additional Papers Presented at the Society of 
Rheology Meeting, November 7-9, 1957. Cor- 
rigenda: A Stochastic Process Model for Mechan- 
ical Breakdown, B. D. Coleman. 


MECHANICS 


Proceedings of the Fourth Midwestern Confer- 
ence on Solid Mechanics, Held at the University 
of Texas, September 9-11, 1959. Austin, The’ 
ane 1959. 530 pp., illus., diagrs., tables. 


Contents: (1) Shell Theory, L. H. Donnell. 
(2) A Simplified Analysis of Circular Membranes 
Subjected to an Impulsive Loading Producing 
Large Plastic Deformations, D. Frederick. (3) 
The Dynamic Stress Field Due to an Extensional 
Dislocation, D. D. Ang and M. L. Williams. (4) 
A Shell Analysis of Compressor Blade Vibrations, 
F. Lane and S. Slutsky. (5) Fracture Arrest by 
Riveted Stiffeners, J. P. Romualdi and P. H. 
Sanders. (6) Further Stress Studies on a Square 
Plate With a Pressurized Central Circular Hole, 
W. F. Riley, A. J. Durelli, and P. S. Theocaris. 
(7) The Collapse Load of a Spherical Cap, P. G. 
Hodge, Jr. (8) General Small Deflection Theory 
of Elastic Bending and Buckling of Laminated 
Plates, L. G. Clark. (9) Elastic Stress Discon- 
tinuities in Ring Plates, J. N. Goodier and J. C. 
Wilhoit, Jr. (10) A Numerical Solution for Thin 
Conical Shells Under Asymmetrical Loads, G. A. 
Thurston. (11) Analysis of Thin Conical Shells 
Under Asymmetric Loading, R. Schile. (12) On 
Some Solutions for Large Deflections of Heated 
Strips and Plates, M. M. Chen and K. A. Foss. 
(13) On the Vibration of Thermally Stressed 
Plates, Y. Shulman. (14) Effect of Camber on 
the Thermal Stresses and Deflections of Canti- 
levered Plates, R. J. H. Bollard and A. R. Zak. 
(15) Optimum Design of Stiffened Panels and 
Sandwich Panels at Elevated Temperature, B. E. 
Gatewood and C. R. Jones. (16) The Redis- 
tribution of Hypersonic Thermal Loads Due to 
Structural Cross-Radiation, R. N. Baylor and 
F. C. Smith. (17) On the Elastic Impact of 
Short Cylindrical Rods on Long Cylindrical Rods, 
C. S. Barton and E. G. Volterra. (18) Longi- 
tudinal Plastic Waves in Long Rods of Strain- 
Rate Dependent Material, H. J. Plass, Jr., and 
N. M. Wang. (19) Impact of Cylinders of Dif- 
ferent Areas, D. P. Clausing. (20) Further Tran- 
sient Analysis of Stress Wave Propagation in 
Plates, A. Pytel and N. Davids. (21) A Com- 
parison of Surface Strains to Average Strains in 
Longitudinal Elastic Wave Propagation, R. A. 
Graham and E. A. Ripperger. (22) Transverse 
Wave Propagation in a Solid, Elastic Mass 
Contained by an Infinitely Long, Rigid, Circular- 
Cylindrical Tank, J. H. Baltrukonis and W. G. 
Gottenberg. (23) Strain Rate Effects on Stress- 
Strain Characteristics of Aluminum and Copper, 

. W. Turnbow and E. A. Ripperger. (24) 
Natural Frequencies of Vibration of Simply Sup- 


ported Sandwich Beams, W. R. Kimel, M. E. 
Raville, P. G. Kirmser, and M. P. Patel. (25) 
Bending Waves in Free-Free Beams, S. S. Kuo. 
(26) Damping of Flexural Vibrations by Alternate 
Visco-Elastic and Elastic Layers, E. E. Ungar 
and D. Ross. (27) On the Transient Behavior of 
a System Under a Random Disturbance, J. L. 
Bogdanoff and J. E. Goldberg. (28) A Generali- 
zation of the Finite Integral Transform Tech- 
nique and Tables of Special Cases, S. Kaplan and 
G. Sonnemann. (29) Spin Dynamics of a Thrust- 
ing Rocket in Vacuum, H. I. Leon. 


POWER PLANTS 


Advanced Propulsion Systems; Proceedings of 
a Symposium Held in Los Angeles, December 
11-13, 1957. Edited by Morton Alperin and 
George P. Sutton. New York, Pergamon Press, 
Inc., 1959. 237 pp.,illus., diagrs.,tables. $6.00. 

In this volume many new and imaginative con- 
cepts of physical propulsion, power sources, new 
propellants, hardware, and human hazards of 
space flight are explored in the light of present 
knowledge and scientifically predicated con- 
jecture. The papers contained therein  in- 
clude the unclassified and declassified contribu- 
tions of leading scientists to the First Advanced 
Propulsion Systems Symposium sponsored by 
the AFOSR and by the Rocketdyne Division, 
North American Aviation, Inc. 

Contents: Ion Propulsion Systems, S. Naiditch. 
Experimental Studies on the Thrust from a Con- 
tinuous Plasma Jet, G. Cann, A. Ducati, and V. 
Blackman. The Ion Rocket Engine, R. : 
Boden. Comparison of Propulsion Systems: 
Solar Heating, Arc-Thermodynamics, and Arc- 
Magnetohydrodynamics, K. A. Ehricke. Thrust 
from Plasma, W. H. Bostick. Potential Aircraft 
Applications of Closed Gas Cycle Nuclear Power 
Plants, R. D. Buhler and P. J. Gingo. Specula- 
tion About Future Trends in Lightweight Electric 
Equipment, R. A. Koehler. Direct Power Con- 
version: Part 1, General Comments, J. H. Huth; 
Part 2, The Fission-Electric Reactor, G. Safonov. 
Electrostatic Generators, A. J. Gale. Magneto- 
hydrodynamic Generators and Propulsive De- 
vices, R. J. Rosa. The Liquid Propellant Status 
Quo, J. F. Tormey. Ozone—Fluorine, E. : 
Hall. The Use of Metals and Metal Hydrides in 
Rocket and Jet Propulsion, J. M.Carter. Human 
Hazards of Space Flight, H. J. Stewart. Stabilized 
Free Radicals, J. L. Jackson. Research on Free 
Radicals as Rocket Propellants, G. Moe and D. L. 
Armstrong. System Considerations Affecting 
New Propulsion Applications, A. F. Donovan. 


RESEARCH 


Applications of Manned Stratospheric Labor- 
atories; Minutes of Sessions Held at the 27th 
Annual Meeting of the Institute of the Aero- 
nautical Sciences at New York, 29 January 1959. 
Compiled and Edited forthe ONR. Silver Spring, 
Md., Vitro Laboratories, 1959. 173 pp., illus., 
diagrs., tables. 

Contents: Session I. Introductory Remarks, 
D. H. Menzel. Requirements for High Resolu- 
tion Photography of Planets, G. H. de Vau- 
couleurs. Infra-Red and Ultra-Violet Measure- 
ments at High Altitude, J. Balmont. Proposed 
Observations of the Martian Atmosphere, M. D. 
Ross. Geophysical Researches of Stratospheric 
Laboratory, W. O. Roberts and G. A. Newkirk, 
Jr. Measurement of Atmospheric Dispersion and 
Vertical Motion, H. T. Mantis. Observation of 
Severe Storms from Above, B. Vonnegut. Panel 
Discussion. 

Session II. Introductory Remarks, N. L. 
Barr. Training in Preparation for Manhigh I, 
J. Kittinger. Cosmic Ray Detection by Visual 
Scintillations, H. Yagoda. The Balloon-Borne 
Capsule as a Space Flight Trainer, E. E. Beson. 
Infra-Red Spectroscopy from Balloons and the 
Possibility of Some Observations on the Bio- 
sphere, D. M. Gates. The Strato-Laboratory as 
a Systems Testing Platform, J. R. Smith. Panel 
Discussion. 


Operations Research; Methods and Problems. 
Maurice Sasieni, Arthur Yaspan, and Lawrence 
Friedman. New York, John Wiley & Sons, Inc., 
1959. 316 pp., diagrs., tables. $10.25. 

The subject matter proper of this book begins 
with a brief survey of the elements of probability 
theory, including the notions of probability of an 
event, random variable, probability distribution, 
and conditional probability distribution. This 
material is basic for an understanding of some of 
the remaining chapters, and should serve as a good 
review even for those readers who are already 
familiar with probability. The succeeding chap- 
ter discusses sampling, and gives an introduction 
to the Monte Carlo method of simulated sampling. 


Chapters 4-10 present various problem areas 
which have gradually taken distinct shape jp J 
operations research; in order, they are inventory, if 
replacement, waiting lines, competitive strategies, | 
allocation, sequencing, and dynamic programing, | 
Operations Research is addressed to readers who 
have a working knowledge of the differential ang 
integral calculus and features a problem-centered © 
approach to its subject. Although a great deal of 
elegant mathematics usually appears in operations 
research literature, the authors stress that far 
more problems can be solved by the intelligent 
application of simple arithmetic, and, conse. 
quently, their examples are stated in such a way H 
that a mathematical model can be written down | 
by the application of elementary reasoning. - 


ROCKETS 


Introduction to Rocket Technology. V. I, 
Feodosiev and G. B. Siniarev. Transl. from the 
Russian by S. N. Samburoff. New York, 
Academic Press, Inc., 1959. 344 pp., illus, 
diagrs., tables. $9.50. 

In this textbook the authors have undertaken 
the task of introducing the reader to the general 
subject of rocket technology without demanding ~~ 
of him extensive preparation, especially in the 7 
sophisticated fields of aero-gas-dynamics and © 
thermodynamics; they consider that a general © 
background in the elements of physics, chemistry, 7 
and the fundamentals of higher mathematics js 7 
quite sufficient for adequate understanding. Nor 
do they touch upon the military uses of rockets or 7 
the many specialized subjects of rocket technol. 
ogy, having an independent character, such as 
radio control, guidance, and telemetering. 

S. N. Samburoff is presently with the Applied 
Physics Laboratory, The Johns Hopkins Uni. 
versity. 

Contents: (1) The Basic Relationships in the 
Theory of Reactive Motion. (2) Types of Jet 
Propelled Aircraft and Their Basic Construction 
(3) Types of Reaction Motors, Their Construction 
and Operational Characteristics. (4) Rocket © 
Motor Fuels. (5) The Processes in the Combus. 7 
tion Chamber of a Rocket Motor. (6) Flow of © 
the Combustion Products Through the Nozzle of 7 
a Rocket Motor. (7) Forces and Moments Act. 7 
ing on the Rocket in Flight. (8) Rocket Flight 7 
Trajectory. (9) The Basic Principles of Stabili- 7 
zation and Steering. (10) Ground Equipment 
and Launching Devices. Index. 


SAFETY 


Aircraft Accidents Involving Maintenance, 
1 January—31 December, 1958. Norfolk, Va 
Maintenance and Material Dept., U.S. Naval 
Aviation Safety Center, September, 1959. 
45 pp., illus., tables. 

The study includes all aircraft accidents ani 
incidents in which a contributing cause was 
maintenance personnel error. A breakdown of 
accidents/incidents by aircraft systems and a 
brief description of the occurrences are presented 
for each model of aircraft. 


SCIENCE 


Science and Technology in Contemporary Wa. 
Georgy I. Pokrovsky. Transl. and Annotated by 
Raymond L. Garthoff. New York, Frederick A 7 
Praeger, 1959. 180 pp., diagrs. $4.50. , 

The present volume is an unabridged transla 7 
tion of the key writings of Major Gen. Georgy! |— 
Pokrovsky, Soviet my Officer, nuclear phys- 7 
cist, professor of military engineering, and mem- 7 
ber of the Soviet Interdepartmental Commission 
for Interplanetary Communications. Frequent 
reference is made to missile and aircraft develop 7 
ment. 


WIND TUNNELS 


Aeroballistic Research Facilities. 
1233.) White Oak, Silver Spring, Md., US® 
Naval Ordnance Laboratory, 1959. 72 pp. 7 
illus., diagrs. 

Descriptions and operating characteristics d 
the White Oak wind tunnel and ballistic rangt | 
facilities and auxiliary equipment. 


Subsonic Wind Tunnels. (General Descrip 7 
tion Report No. 721-74.) Pasadena, Calil, 7 
Aerolab Development Co., Inc., 1959. 27 pp. 7 
illus., diagrs., tables. 

In addition to a general description of th 7 
physical features of the Aerolab subsonic tunnel 
there are data on the construction, performanct 
and utilization of the four general configuratiois © 
and three basic sizes offered by the company. Va 
ious support equipment, drive motors, and star 
ters are also described. . 


Change of Address 


Since the Post Office Department does not as a rule forward magazines to forwarding addresses, it is impor- 
tant that the Institute be notified of changes in address 30 days in advance of publishing 
every issue of the Journal and Aero/Space Engineering. 

Notices should be printed legibly and sent directly to the Institute of the Aeronautical Sciences, Inc., 2 East 
64th Street, New York 91. N.Y. 
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RESEARCH 
OPPORTUNITIES 


SPACE 
SCIENCES 


The Space Technology 
Operations of Aeronu- 
tronic has immediate need 
for engineers and scien- 
tists who are interested 
in working in the stimu- 
lating and highly diversi- 
fied field of space sci- 
ences. This West Coast 
division of Ford Motor 
Company has the newest 
facilities and most ad- 
vanced equipment for 
carrying out highly tech- 
nical work—challenging 
creative work that is ex- 
ceptionally rewarding to 
qualified men. 


Positions are at Aeronu- 
tronic’s new $22 million 
Research Center, being 
completed at Newport 
Beach, Southern ali- 
fornia. Here, overlook- 
ing famous Newport Har- 
bor and the Pacific Ocean, 
relaxed California living 
can be enjoyed free of 
big-city congestion, yet 
most of the important 
cultural and educational 
centers are just a short 
drive away. 

AREAS OF INTEREST 


VEHICLE TECHNOLOGY 
Aerodynamic design and test- 


ing 

Rocket Nozzle and re-entry 
materials 

High temperature chemical 
kinetics 

Combustion thermodynamics 

High temperature structural 
plastics and ceramics 

Advanced structures 


SYSTEMS DEVELOPMENT 
Aerothermodynamics 
ntry programs 

High temperature heat trans- 
er 

Penetration systems 

Hyper environmental test sys- 
tems 


ELECTRONICS AND 
ASTRO SCIENCES 
Astro navigation 
pace communications and 
communication satellites 
Instrumentation, telemetering 
and data reduction 
Space environmental physics 
Advanced techniques and sys- 
tem studies 


TACTICAL WEAPON SYSTEMS 


Infrared Transistor 
circuit development 


Qualified applicants are invited to 
send resumes and inquiries to Mr. 
G. B. Eaton, Aeronutronic, Dept. 
13, Box 451, Newport Beach, 
California. 


AERONUTRONIC 


a Division of 
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This section is for the use of individual members of the Institute 
seeking new connections and eligible organizations offering em- 


ployment to specialists in the aero/space industry. Any member 
or eligible organization may have requirements listed without 
charge by writing to the Secretary of the Institute. 


Wanted 


Senior Aerodynamics Engineers—Curtiss- 
Wright has immediate openings for qualified per- 
sonnel for projects involving hypersonic test 
vehicles, supersonic target missiles, and VTOL 
aircraft. Experience in conducting theoretical 
and experimental studies in aerodynamics includ- 
ing preliminary design, test planning, data analy- 
sis, and proposal and report writing. Minimum 
5 years of related experience with M.S. degree 
preferred. Must be able to assume project re- 
sponsibility. Aerothermodynamicist—Immedi- 
ate openings for qualified personnel for research 
program with hypersonic test vehicle and to 
perform aerodynamic heating investigations on 


new missiles. Minimum 2 years of related experi- 
ence with B.S. degree. Send detailed résumé and 
salary requirements to Personnel Dept., Curtiss- 
Wright Corp., Santa Barbara Div., 6767 Hollister 
Ave., Goleta, Calif. 

Professor—To teach courses in aerospace en- 
gineering and to design and supervise construc- 
tion of teaching and research laboratory facilities 
and do part-time research. Advanced degree and 
industrial experience desirable. Salary and rank 
dependent upon qualifications. Address in- 
quiries with personal data and photograph to 
Head of Dept. of Aeronautical Engineering, 
Alabama Polytechnic Institute, Auburn, Ala. 


Available 


939. Aeronautical Engineer—Graduate of Uni- 
versity of Michigan in February, 1952. Propul- 
sion specialty. Four and a half years with West 
Coast airframe company in engineering test 
laboratory (fuel and engines). Over 3 years with 
Midwest engine manufacturer as a specialist in 
altitude and environmental testing. Some 
supervisory experience. Licensed Professional 
Engineer (Mechanical) in State of Ohio. Age 36. 
Desires a change for better chance of advance- 
ment. 


938. Technical Project¥ Manager, General 
Manager, Executive Scientist— With background 


in all aspects of R&D, government procurement, 
technical administration, technical sales, and 
scientific project management, desires a new 
affiliation which will permit expansion of activities 
and ideas in a larger scale environment than 
permitted by financial and organizational struc- 
ture of present association. Experienced in 
aeronautical and missile research, instrumentation 
development, systems requirements, flight-test 
programs, and scientific measurements. Will 
consider technical position with supervisory 
responsibility. Prefers the West Coast. 


937. Product, Personnel, & Design Develop- 
ment—M.S.M.E. Registered. Over 12 years 


New Gateway to Achievement 
in Astronautics and Aeronautics 


Republic Aviation’s 
New Research & Development Center 


Engineers and scientists whose minds are challenged by unsolved 
problems across the entire spectrum of technologies concerned with 
space exploration and upper atmosphere flight, are invited to inquire 
about the exceptional facilities for both theoretical and experimental 
investigations provided by Republic’s new Research and Development 
Center (scheduled to open Spring 1960). 


Senior level openings exist in the following areas: 
Space Electronics (Guidance, Navigation, Communications) / Hydromagnetics / 
Advanced Computer Technology / Applied Mathematics / Nuclear Power Packages 
/ Space Environmental Studies (Life Science) / Celestial Mechanics / Hypersonics / 
Electronic Theory / Plasma Physics / Radiation Studies / Re-entry Techniques 
/ Materials Research & Development / Fluid Mechanics 


Please forward resumes to: Mr. George R. Hickman 


Technical Employment Manager, Dept. 2B 


Farmingdale, Long Island, New York 
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PERSONNEL OPPORTUNITIES 


for prelimina 


Flight Systems Analysts 


ry studies on hy 


Senior and supervisory positions are available for chem- 
ists, physical chemists, physicists, mathematicians; mechan- 
ical, aeronautical and chemical engineers in an analytical 
group established to explore fuel chemistry and thermo- 
dynamics, engine cycle analysis and preliminary design, 
and preliminary design and performance of complete flight 
systems. Preferred background and experience would be in: 


@ AERODYNAMIC HEATING 

@ STRUCTURAL DESIGN 

@ COMPUTER PROGRAMMING 

@ PROPULSION AERO-THERMODYNAMICS 


Located in suburban Richmond, the company offers 
completely modern facilities, attractive working conditions 
and opportunity for individual responsibility. 
pleasant in Richmond and the company maintains com- 
petitive salaries with liberal benefit programs. 


SEND RESUMES TO PERSONNEL MANAGER 
EXPERIMENT INCORPORATED 


A SUBSIDIARY OF 
RICHMOND 2, VIRGINIA 


personic vehicles 


Living is 


TEXACO INC. 


Engineers and Physicists 


Time to rediscover your future... 
in Minnesota, Opportunity-land, U.S.A. 


Think back five years. Perhaps ten. 
Are you progressing satisfactorily toward 
that goal—that high level of professional 
recognition—you once set for yourself? 
Do you live in a community that has the 
cultural, social and recreational oppor- 
tunities you’ve ulways wanted for your 
family? We certainly hope so. But just 
in case you can’t answer a real sure “‘yes”’ 
to either of these questions, we invite you 
to explore the future you could enjoy in 
Minnesota—with the Mechanical Division 
of General Mills. 


We need top level engineers and physicists 
for important assignments on many of the 
nation’s most challenging defense and 
industrial projects. As one of our key 
men, you’d be teamed with outstanding 
personalities in fields in advanced technol- 
ogy. You’d work in an environment that 


Mr. G. P. Lambert, Manager Professional 


Employment 
Mechanica! Division, General Mills 
1620 Central Avenue, Dept. AS2 
Minneapolis 13, Minnesota 


respects creative freedom, encourages 
individual talents—and, recognizes pro- 
fessional competence. 

Your family would enjoy our unhurried 
way of life here in Minneapolis. And you 
would, too. Chances are you would live 
within walking distance of a lake, park or 
golf course. A short drive would take 
you to some of the best hunting, fishing 
and camping sites anywhere. Along with 
this easy, country living, you’d have all 
the advantages a major cosmopolitan 
center can offer: good theaters, art centers, 
schools and colleges; major sports attrac- 
tions: clean, modern shops; efficient 
transportation—and on and on. 


Send today for all the facts if you’d like to 
rediscover your future in any of these 
fields: 

e@ Systems Configuration 

e Electronic Circuit Design 

e Micro-wave Development 

e@ Atmospheric Physics 

e Transistor Circuitry 

e Advanced Digital Computer System Design 

e Electronic Product Design 

e Advanced Pulse and Video Circuit Development 

e Advanced Inertial Navigational System Development 


MECHANICAL / General 
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at chief engineer and planning staff levels, 
Background includes rotating machinery, ma- 
terials handling, industrial noise control, domestic 
appliances, internal combustion power-plant 
systems, structural components, weapons, and 
food processing. Problem-solving and _policy- 
making experience in products, methods, and 
personnel development areas. Span the re. 
search, development, and design spectrum. In- 
terested in your problems. Available imme- 
diately. 

936. Sales Engineering—French Aeronautical 
Engineer; age , with an extensive experience 
in technical and commercial administrative work 
and technical marketing, is interested in being 
appointed technical representative, liaison or 
production engineer, or similar position in France 
or Continental Europe for American industrial 
firms expanding their activities overseas. Com- 
plete résumé on request. 


935. Aeronautical Engineer—Graduate Aero- 
nautical Engineer, over 16 years’ experience air- 
craft and missiles, 12 patents granted and pend- 
ing, very broad interests, seeks challenging posi- 
tion working on new ideas in frontiers of science, 
Not interested in drafting or routine paper work. 


934. Project Engineer—B.S.Ae.E., MIAS. 
Age 34. Project Engineer, with extensive experi- 
ence in R&D of airborne ordnance devices, test 
vehicles, instrumentation, electronic packaging, 
recovery systems, and complete missile systems. 
Thoroughly familiar and well experienced in proj- 
ect management and direction of all phases of 
R&D from initial proposal through design, de- 
velopment, and production of complete systems, 
Ten-year proved recora of accomplishment. 
Seeking permanent, active position in medium- 
size plant. Complete résumé furnished on re- 
quest, with all inquiries held confidential. 


The number preceding the notice 
represents the Box Number of the In- 
stitute of the Aeronautical Sciences to 


which inquiries should be addressed. 


SUPERVISORY 


Aerodynamicists 


Preferably with advanced 
degrees and at least 
6 years experience in: 


e Aerodynamic Analysis 


Stability, Vehicle Dynamics 
and Trajectory Mechanics 


¢ Preliminary Design 
¢ Theoretical, Experimental 
or Applied Research 


. .. to work in these specialties on 
problems related to flight of lifting 
and non-lifting vehicles at extremely 
high speeds and altitudes. 


Attractive working environment close 
to metropolitan Boston. 


Write to: Mr. Richard Rubino 
Scientific and Technical Relations 
Dept. FD2, 


Kesearch & Advanced Development 


201 Lowell St., Wilmington, Mass. 
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AERODYNAMICIST 


Aeronautical Engineer (or advanced degree) with 
minimum of 8 years’ experience including tran- 
sonic and supersonic aerodynamics—strong math 
background. 


Please write R. C. Duncan, Dept. 399, Honeywell, 2753 Fourth 
Avenue South, Minneapolis. 


Honeywell 
Cova 


PERSONNEL OPPORTUNITIES 


When you write to manufacturers 


whose advertising appears in 


Aero/Space Engineering 
it will be 
of interest to the companies 
and of benefit to the Institute if you 


mention that you saw it in 


Aero/Space Engineering 


Aerodynamically Heated Surfaces 
{Continued from page 38) 


6 Siegle, J. C., and Muus, L. T., Pyrolysis of Polytetrafluoro- 
ethylene, presented at 130th National Meeting, Am. Chem. Soc., 
Sept., 1956. 

7Bryant, W. M. D., Crystal Structure of Polytetrafluoroethylene, 
presented at 130th National Meeting, Am. Chem. Soc., Sept., 
1956. 

8 Scott, D. W., Good, W. D., and Waddington, G., Heat of 
Formation of Tetrafluoromethane from the Combustion Calorimetry 
of Polytetrafluoroethylene, J. Am. Chem. Soc., Vol. 77, p. 245, 
1955. 

9 Jessup, R. S., McGorskey, R. M., and Nelson, R. A., Heat of 
Formation of Tetrafluoromethane, J. Am. Chem. Soc., Vol. 77, p. 
244, 1955. 

0 Kirkbride, F. W., and Davidson, F. G., Heats of Formation of 
Gaseous Fluoro- and Fluoro-carbon Compounds, Nature, Vol. 174, 
p. 79, 1954. 

1 Neugebauer, C. A., and Margrave, J. L., Heats of Formation 
of Tetrafluoroethylene, Tetrafluoromethane, and 1,1-Difluoroethyl- 
ene, J. Phys. Chem., Vol. 60, p. 1318, 1956. 

2 Rossini, F. D., Wagman, D. D., Evans, W. H., Levine, S., 
and Jaffe, I., Selected Values of Chemical Thermodynamic Proper- 
ties, Circular of National Bureau of Standards 500, Washington, 
D.C., 1952. 

1 Rubesin, M. W., An Analytical Estimation of the Effect of 
Transpiration Cooling on the Heat-Transfer and Skin-Friction 
Characteristics of a Compressible, Turbulent Boundary Layer, 
NACA, TN 3341, Dec., 1954. 

“van Driest, E. R., On Mass Transfer Near the Stagnation 
Point, RAND Mass Transfer Symposium, June, 1957. 

* Rubesin, M. W., A Study of Binary Gas Diffusion in a Turbu- 
lent Boundary Layer on a Flat Plate, RAND Mass Transfer Sym- 
Posium, June, 1957. 


professional opportunities 
at Honeywell Aero 


FLIGHT CONTROL SYSTEMS: Analytical, systems, 
and component engineers to work in areas such as 
advanced flight reference and guidance systems. 
Positions range from analyzing stability and control 
problems, systems engineering through design, test- 
ing and proof of electrical and mechanical equip- 
ment—including flight test and production test. 


GROUND SUPPORT: Electrical Engineers to design 
equipment for testing complex electronic systems, 
preferably with experience in digital techniques, 
solid state circuitry, and logic circuit design as 
applied to automatic checkout systems. 


EVALUATION: Graduate engineers with electronic 
background desiring opportunity in development, 
qualification and reliability testing. Must have 
ability to design and develop specialized equipment 
which can duplicate environmental conditions en- 
countered by advanced projects. Assignment in this 
work leads directly to a career in design, research or 
advanced system development. 


ADVANCED GYRO DESIGN: Engineers with two 
and up to twenty years’ experience in precision 
gyro and accelerometer development, servo tech- 
niques, digital techniques, solid state electronic 
development, advanced instrumentation and mag- 
netic component design. 


PRODUCTION: Electrical engineers to assume re- 
sponsibility for placing complex devices such as 
platforms, floated gyros, accelerometers, vertical 
and rate gyros, calibrators and computers into pro- 
duction. Work with design engineers to introduce 
production know-how and techniques into original 
design. Responsible for estimating, processing, and 
tooling during the pre-production phase; directing 
assembly, calibration, and inspection efforts during 
initial production phases. 

INSTRUMENTATION: Development and design in 
the critical areas of test instrumentation for Aero 


products. Two years’ experience in test instrumen- 
tation desired. 


To investigate any of the above professional 
opportunities at the Aeronautical Division, please 
write in confidence to Bruce Wood, Dept. 367. 


Honeywell 


AERONAUTICAL DIVISION 
1433 Stinson Bivd. N.E., Minneapolis13, Minnesota 


To explore professional opportunities in other 
Honeywell operations coast to coast, send your appli- 
cation in confidence to H. K. Eckstrom, Honeywell, 
Minneapolis 8, Minnesota. 
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A word 
about 
our 
Advertisers 


The many companies whose 
advertising appears in this issue 
are interested in you and your 
work. They are anxious to let 
you know what they are doing 


to help you solve research and 


design problems in _ missile, 
rockel, air, and _ spacecraft 
projects. 


AERo/SpaceE ENGINEERING’S 
advertising pages keep you 
posted on new and improved 
materials, components, services, 
and supplies useful to your 


professional work. 


To request more information 
on any product or service ad- 
vertised, may we suggest you 
write to the advertiser directly, 
at no obligation to you. It 
would be greatly appreciated if 
you would mention that you 
saw the ad in ArEro/Space 


ENGINEERING. 


ENGINEERING 


2 E. 64th St., New York 21, N.Y. 


__ to Advertisers 


Aeronautical Engineering Index...... 71 
Aeronutronic, A Div. of Ford Motor Co,. 101 
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Aero/Space 93 
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Alexander Hamilton Institute......... 5 
Allied Research Associates, Inc...... ‘ 19 
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Government Products Group...... 17 
Arma, A Div. of American Bosch Arma 


Avco Corp., Research & Advanced 
Development Div...... 802 


Bendix Aviation Corp., Red Bank Div. 24 


*Chain Belt Co., Shafer Bearing Div... 7 
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General Dynamics Corp., Convair Div.. 


General Motors Corp. 


Harrison Radiator 8 

Research Laboratories........... 89 
B. F. Goodrich Co., The, Aviation Prod- 


Goodyear Aircraft Corp..........+. 1 


* Specifications and further information on 
the missile, rocket, and aircraft products 
of these companies will be found in 
the 1959 AERO/SPACE ENGINEERING 


CATALOG 


The only publication devoted exclusively to the aero/space 
industry, this CATALOG serves as a valuable buyers’ and 
reference guide to sources and specifications on aircraft 
It is distributed annually 
to Chief Engineers, Designers, Production Heads, and 
Purchasing Departments of all leading manufacturers of 
missiles, rockets, aircraft, and spacecraft, and their related 
components; Government Agencies; Research Organi- 


and missile parts and materials. 


zations; etc. wae 
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6 


INSTITUTE OF THE AERONAUTICAL SCIENCES 


104 Aero/Space Engineering + February 1960 


2 East 64th Street 
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